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Graft vascular disease in heart transplant patients 


Heart transplantation has become an accepted treatment 
for end-stage heart failure. According to the Registry of the 
International Society for Heart Transplantation 2437 heart 
transplants were performed in 1990, Of these, 98% were 
orthotopic. Survival rates have improved significantly in 
recent years, reaching 72% at five years. Operative mor- 
tality remains at 10% and is mainly the result of technical 
complications and right-sided heart failure. Late mortality 
during the first year is related to infection and rejection in 
more than 70% of cases.! However, after the first year the 
main cause of morbidity and mortality is graft vascular 
disease, which has also become the main reason for 
retransplantation. 

Several clinical studies have tried to find prognostic 
factors for the development of graft vascular disease. 
Among the factors studied are the type of drugs used for 
the immunosuppressive treatment (azathioprine v cyclo- 
sporin), the age of the donor,’ a previous history of 
ischaemic heart disease in the recipient,’ high fasting 
concentrations of plasma triglycerides,’ plasma total cho- 
lesterol concentration,’ the number of rejection episodes,’ 
the number of untreated rejection episodes, the presence 
of systemic hypertension,*’’ diabetes mellitus,’’ cyto- 
megalovirus infection®* and HLA mismatch.** Unfortu- 
nately, none of these studies was capable of reliably 
demonstrating a strong relation between the factors tested 
and the presence of graft vascular disease. 

Graft vascular disease has been angiographically diag- 
nosed five years after transplant in up to 50% of patients,” 
and its frequency is the same in children and in adults. The 
angiographic appearance of graft vascular disease has been 
well established: the epicardial coronary arteries are 
diffusely involved and show concentric narrowing of the 
lumen. Distal vessel involvement is a prominent feature, 
which can appear either as gradual tapering or as oblitera- 
tion (“pruning”). Collateral circulation is generally very 
poor. A few patients will have angiographic lesions mor- 
phologically similar to those seen in native coronary artery 
disease. The diffuse involvement of the coronary tree 
together with its mild angiographic appearance make 
angiographic diagnosis of graft vascular disease quite 
difficult, even with a trained eye. Coronary angiography 
remains the most widely used diagnostic tool. The non- 
invasive techniques such as exercise stress testing and 
thallium radionuclide angiography have a sensitivity below 
50%." 

Graft vascular disease differs histologically from native 
coronary atheroma.” The internal elastic lamina and the 
media are generally spared. Intimal proliferation is concen- 
tric and significantly reduces the lumen of the involved 
artery. This intimal growth is composed of smooth muscle 
cells, loose collagen, and some foam cells: but no “‘lipid 
pool” is seen. In early lesions T lymphocytes predominate 
but they decrease with time. Calcification and thrombosis 


are rare, although they can be seen-—~mostly in the coronary 
arteries of patients given a heart transplant more than 10 
years ago.'? Small intramyocardial vessels can also be 
obliterated by the same type of intimal growth. 

The aetiology of graft vascular disease is still a matter of 
debate. The initial vascular lesion has beer called an 
“intimitis’’ or an “endothelialitis’’ but its origin and 
pathogenesis remain to be determined. The hypothesis that 
the endothelium is damaged during the harvesting of the 
donor’s heart and probably during the preservation period 
is attractive but unconfirmed. According to this hypothesis, 
endothelial injury together with platelet aggregation leads 
to the release of smooth muscle cell mitogens such as 
endothelium-derived relaxing factor (EDRF) and platelet- 
derived growth factor (PDGF) that induce smooth 
muscle cell proliferation. How this proliferation process 
can so quickly lead to occlusion of the vessel is not Known. 

Another hypothesis is that of endothelial damage 
mediated by activated T cells. Recent studies” have shown | 
that lymphocyte proliferation induced by interleukin-2 is 
related to a higher frequency of graft vascular disease. 
Vascular rejection with morphological demonstration of 
perivascular immunoglobulin and complement deposits 
has also been correlated, although only as a statistical trend, 
with the development of graft vascular disease.’ Immuno- 
histochemical studies with specific monoclonal antibodies” 
showed cytotoxic T lymphocytes (CD8 +) and macro- 
phages in the coronary arteries of patients with graft 
vascular disease. Both types of cells are known to produce 
growth factors that can induce smooth muscle cell 
proliferation. Other workers" reported HLA-DR expres- 
sion on the endothelial cells of hearts with graft vascular 
disease. HLA-DR positive cells could lead to stimulation of 
macrophages to produce growth factors such as inter- 
leukin-1 and PDGF and thus stimulate smooth muscle cell 
growth. Clinically, endothelial dysfunction has been 
shown in small numbers of patients with transp ants” by 
acetylcholine-induced vasoconstriction and its lack of 
reversibility after nifedipine infusion. 

In summary, graft vascular disease remains a major long- 
term cause of morbidity in patients with heart transplants. 
Retransplantation seems to be the only treatment because 
percutaneous coronary angioplasty” and coronary artery 
bypass surgery do not produce long-term improvement. 
The results of retransplantation, however, are poor; graft 
vascular disease developed in up to 50% of patients at one 
year.” Thus, graft vascular disease remains one of the 
major obstacles to an improvement in the long-term 
survival of heart transplant patients. 
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Coronary artery disease after heart transplantation: clinical 


aspects 


Occlusive coronary artery disease is now the main com- 
plication limiting long-term survival after heart transplan- 
tation’? and also the most common indication for retrans- 
plantation.’ The reported angiographic prevalence ranges 
from 2% to 28% one year after transplantation,‘ * increas- 
ing to 40-70% by five years.°* Most of these patients, 
however, have only minor coronary stenoses or minimal 
luminal irregularities.°® There are as yet few data available 
about the rate of progression and clinical significance of 
these minor changes. In this issue (pages 260-5) Mullins et 
al report a three year survival of 60-80% after first diagnosis 
of coronary disease, which depends on the number of 
vessels involved. When the disease is more advanced 
survival rates are poor. Keogh et al'° report actuarial three 
year survival rates of 6% and 22% for advanced (240% 
stenoses) triple and single vessel disease respectively. 

The clinical presentation of occlusive coronary disease in 
transplant recipients is very different from that in other 
patients. The importance of relatively minor coronary 
occlusive disease can be substantially increased by a 
tendency to increased platelet aggregation" and blood 
hypercoagulability caused by high serum concentrations of 
fibrinogen and factors VIIC and VIIIC.” Although a few 
transplant patients probably do experience angina” most 
will have silent ischaemia because of autonomic denerva- 
tion after surgery. As with conventional coronary disease, 
advanced disease in the transplanted heart is associated 
with frequent multifocal and complex ventricular activity 
and sudden death.“ Progressive heart failure caused by 
recurrent infarction or progressive ischaemia can develop. 
Acute myocardial infarction in transplant recipients is 
usually painless although they may report dyspnoea, 
palpitation or sudden weakness. The electrocardio- 
graphic changes may be slight because of the diffuse and 
atypical pattern of infarction.” 

Because there is no effective treatment for established 
coronary occlusive disease in transplant recipients preven- 
tion is an important priority. Existing studies have been 
retrospective and have used widely differing diagnostic 
criteria. They have produced few data that are directly 
applicable to the management of patients being given 
transplants today. 

Effective future research will require the best methods of 
diagnosis and assessment of transplant related coronary 
disease. Existing studies have relied heavily on conven- 
tional coronary arteriography which has very serious 
limitations. It consistently underdiagnoses coronary dis- 
ease in transplant recipients and underestimates its 
severity.°*'* Quantitative angiography has improved sen- 
sitivity particularly in detecting smooth concentric vessel 
narrowing." Intracoronary ultrasound also enables more 
accurate assessment of smooth concentric stenoses but the 
size of the probe restricts its use to large epicardial vessels.” 
The widespread involvement of small vessels in transplant 
related coronary occlusive disease” probably limits the 
usefulness of these methods of assessment that are solely 
anatomical. 

Functional assessment by non-invasive techniques has 


proved disappointing with too low a sensitivity for routine 
use.” Intracoronary Doppler measurement of blood flow 
can be readily combined with conventional angiography 
and this approach may provide a more comprehensive 
evaluation of the occlusive disease.” 

Although there are few good data on which to base 
recommendations about patient management it seems 
prudent to treat hypertension vigorously, to advise patients 
to eat a diet low in saturated fat, and to avoid cigarette 
smoking and excessive weight gain. Despite these measures 
many recipients will continue to have “atherogenic” lipid 
profiles,” and this raises the question of drug treatment for 
hyperlipidaemia. Unfortunately, when the very effective 
hydroxymethylglutaryl co-enzyme A reductase inhibitors 
are used in combination with cyclosporin they can oc- 
casionally cause rhabdomyolysis and renal failure and 
therefore may be too hazardous to be recommended for 
widespread use.” The effectiveness of aspirin in other 
patients may encourage its use in established coronary 
disease but it is probably not widely appreciated that its 
effectiveness is seriously limited by changes ın platelet 
aggregation in transplant patients." 

Some centres have advocated steroid-free maintenance 
immunosuppression™ to reduce coronary disease. It may 
be particularly effective in children” and is also desirable for 
their optimum growth. In adults, however, its effectiveness 
is unproven, and given the suspected immunological 
nature of the process this approach may be deleterious. The 
preliminary results of a randomised trial of diltiazem in the 
prevention of graft coronary disease from the Stanford 
group” are encouraging but further data are needed before 
it can be recommended for routine practice. In animal 
models low molecular weight heparin, which reduces 
smooth muscle cell proliferation, has been shown to reduce 
the severity of occlusive disease.” 

What are now required are large scale, multicentre, 
randomised, prospective trials of management strategies 
with clearly defined end points. Advanced assessment 
techniques such as those discussed would be preferable. 
Intensive drug treatment of hyperlipidaemia, steroid-free 
Maintenance immunosuppression, and the prophylactic 
use of calcium antagonists or low molecular weight heparin 
would be suitable for this type of study. The role of cardiac 
autograft rejection also needs to be investigated further 
particularly with reference to the question of maintenance 
steroid therapy. Because the United Kingdom has a 
relatively small number of centres, each performing sub- 
stantial numbers of transplants, we are in an ideal adminis- 
trative position to undertake such studies. 
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Editorial 





Ventricular remodelling after myocardial infarction 


Acute myocardial infarction can cause complex architec- 
tural changes in the ventricular myocardium that have an 
important bearing on ventricular function. In the past 
decade it has become evident that many patients with acute 
myocardial infarction undergo these complex changes and 
that these alterations affect outcome after acute myocardial 
infarction. Interest is growing in the evaluation of various 
interventions designed to reduce these changes and so 
improve left ventricular function and clinical outcome. 


Terminology, definitions, and time course 

We define ventricular remodelling as changes in shape and 
size of the left ventricle that can follow acute myocardial 
infarction. Infarct expansion and global ventricular dilata- 
tion are the processes that constitute ventricular remodell- 
ing. Infarct expansion, defined as disproportionate thinning 
and lengthening of the infarct zone resulting in regional 
distortion and dilatation of the cavity is seen within hours 
of the injury and is usually complete within three weeks. 
Global ventricular dilatation is defined as an increase in the 
overall size and distortion of the ventricular cavity result- 
ing from expansion of the infarct zone and lengthening of 
the non-infarcted zone. Infarct expansion together with 
ventricular dilatation and the shape alterations seen up to 
about six weeks constitute the early remodelling phase and 
progressive ventricular dilatation seen from six weeks to 
about one year constitutes the late remodelling phase.’ 
During this late phase no important changes are seen in the 
scarred infarct zone. 


Infarct expansion 

Microscopically, infarct expansion is caused by myocyte 
slippage, which thins the infarct segment by reducing the 
number of cells across the myocardial wall.’ Grossly, the 
wall of the infarct zone shows thinning, lengthening, and 
regional cavity dilatation and bulging (figs 1 and 2). 


FACTORS ASSOCIATED WITH INFARCT EXPANSION 
Infarct expansion is characteristically seen in anteroapical 
transmural infarcts and is rare at other sites. Infarct 
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Figure 1 Diagram of a normal cross sectional short axis 
echocardiogram at mid papillary level showing normal myocardial 
thickness and cavity shape. p papillary muscles; en, endocardium; 
ep, epicardium. 


expansion occurs in approximately 40% of anteroapical 
transmural infarcts and 70% of such infarcts with fatal 
outcome in the first 30 days.’* Although a critical amount of 
myocardial necrosis, more than 10%, is necessary to 
produce infarct expansion, the correlation between infarct 
size and the presence of expansion is weak. Other factors 
that promote expansion are increased loading conditions 
(both preload and afterload), and measures to reduce these 
have been shown to reduce expansion. " Expansion is less 
likely where there is pre-existing hypertrophy,’ scar tissue 
from previous ischaemic episodes, and non-transmural 
infarcts (where a rim of viable epicardium splints the 
infarct area). Intramyocardial haemorrhage, associated 
with reperfusion therapy, and its subsequent organisation 
may alter the tensile strength of the infarct zone to make it 
more resistant to deforming forces.” Administration of 
steroids and non-steroidal anti-inflammatory agents in the 
hours and days after myocardial necrosis promotes expan- 
sion by reducing the interstitial oedema and cellular 
infiltration that can provide mechanical support to the 
myocytes and prevent myocyte slippage." 












CLINICAL CONSEQUENCES 

The increase in functional infarct size and the regic 
deformation of ventricular cavity shape have implications 
for left ventricular function and myocardial ischaemia in 
the non-infarcted, remote myocardium that may be per- 
fused by acritically narrowed coronary vessel: therefore the 
presence of expansion is associated with reduced exercise 
tolerance caused by dyspnoea and angina. The presence of 
expansion is an independent risk factor for the develop- 
ment of left ventricular mural thrombus, frank ventricular 
aneurysm formation with its attendant complications, and 
cardiac rupture (both septal and free wall). 





Global ventricular dilatation 

The reduction in stroke volume and increased left ven- 
tricular filling pressure that result from the abrupt loss of 
segmental contractile function elicit two compensatory 
mechanisms initially. These are an increase in the contrac- 





Expansion, thining of the 
infarcted anterior segment with 
\ regional cavity deformation 







Normal posterior segment 





Figure 2. Diagram of cross sectional short axis echie 
papillary muscle level in anterior myocardial mfarcien 
expansion. 
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Figure 3 Diagrams of serial c-oss sectional short axis echocardiogram 
in anterior myocardial infarctian showing infarct expansion (regional 
thinning and cavity deformation) and global ventricular dilatation 

( progressive global cavity dilaration and shape distortion}. 

en, endocardium; ep, epicardiuen; p, papillary muscles. 


tility of the viable myocardium stimulated by neurohor- 
monal factors and a ris: in end diastolic volume which 
through the operation of Frank—Starling mechanism serve 
to normalise filling pressure and restore stroke volume. 
These changes cause myecyte stretching, an increase in the 
length of the non-infarcted segment, and cavity dilatation. 
When the mass of the mvocardial necrosis exceeds 20% of 
the total myocardial mass these two compensatory respon- 
ses are inadequate to sus-ain optimal haemodynamic func- 
tion and the third primcipal myocardial compensatory 
reserve, myocardial hypertrophy, is called upon. In 
patients with myocardial infarction this hypertrophy is the 
result of the addition of new sarcomeres in series which 
increases myocyte length and muscle mass without chang- 
ing muscle thickness. This pattern of hypertrophy, called 
eccentric hypertrophy, is typical of volume overload states 
and results in chamber d-latation. 

The disproportionate mcrease in cavity volume in rela- 
tion to myocardial thickness produces a relative lack of 
decrease in the internal ventricular radius during ejection 
and this results in greater wall tension (Laplace’s law) that 
is sustained during systole. This increase in systolic wall 
stress induces an increase in myocyte volume in the non- 
infarct zone that is typ.cal of concentric hypertrophy. 
When these hypertrophi: responses match the abnormal 
loading conditions haemodynamic function and cardiac 
size may stabilise but im large infarcts the hypertrophic 
response is inadequate oth because of an insufficient 
increase in ventricular mass over cavity volume and 
insufficient response in the new capillary network to 
support the hypertroph~. Thus contractile function is 
impaired.” A vicious circle is established in which abnor- 
mal loading conditions eLcit an inadequate compensatory 
response that perpetuates the abnormal loading conditions 
and promotes progressive ventricular dilatation. Dilatation 
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begets dilatation. In the early remodelling phase, infarct 
expansion together with changes in the non-infarct seg- 
ment contribute to global ventricular dilatation whereas in 
the late remodelling phase ventricular dilatation is almost 
exclusively caused by changes in the non-infarct segment 
(fig 3). 


FACTORS ASSOCIATED WITH GLOBAL VENTRICULAR 
DILATATION 

Big infarcts,” the presence of infarct expansion with the 
consequent effects of sustained abnormal loading condi- 
tions on the nen-infarcted myocardium, and persistent 
occlusion of the infarct related coronary artery are the three 
important factors that promote progressive ventricular 
dilatation,'*’’ and the presence of clinically significant 
stenosis in the non-infarct related coronary artery has an 
important influence on the compensatory changes seen in 
the viable myocardium." 


CLINICAL CONSEQUENCES 

The left ventricular volume is one of the most powerful 
predictors of mortality after myocardial infarction and 
progressive ventricular dilatation is a precursor for the 
development of overt heart failure and is an important 
prognostic indicator of mortality after myocardial infarc- 
tion.” 


Alterations in ventricular shape 

Alterations in ventricular shape and ventricular cavity 
geometry are important consequences of infarct expansion 
and global ventricular dilatation. Expansion of the necrotic 
myocardium and consequent regional shape distortion is a 
reversible elastic process, but after 24 hours plastic changes 
in the infarct zone result in permanent distortion though 
infarct expansion can still be reduced after this stage. 
Global ventricular dilatation results in a more spherical 
chamber: in general the degree of sphericity of the chamber 
seems to parallel increases in ventricular volume. 


CLINICAL CONSEQUENCES 

Preservation of dynamic and static ventricular geometry 
has implications for ventricular function’ and though the 
static geometry of the chamber seems to be related to the 
volume of the chamber it is tempting to suggest that the 
dynamic geometry of the dilated chamber and hence the 
function of the chamber may be independent of ventricular 
volume. 


Pharmacological interventions 

Reperfusion treatment with thrombolytic agents, early and 
late, is the most important pharmacological intervention 
that prevents infarct expansion in the early period after 
myocardial infarction. Early reperfusion therapy limits 
expansion by myocardial salvage while late reperfusion 
reduces expanion independently of myocardial salvage by 
limiting transmural damage and opening up collateral 
blood flow to the infarct zone thereby preserving a rim of 
viable epicardium.* ° Infarct expansion may also be limited 
by unloading agents such as intravenous glyceryl trini- 
trate” and intravenous calcium channel blockers.” It is 
conceivable that intravenous fp blockers, by reducing 
sympathetic activity and afterload, reduce the deforming 
forces acting on the infarct area and hence prevent expan- 
sion and cardiac rupture.” 

Limitation of infarct size by reperfusion therapy and 
measures to reduce infarct expansion are the important 
interventions in the early hours after myocardial infarction 
that reduce global ventricular dilatation. Though persis- 
tent occlusion of the infarct related coronary artery and 
critical narrowing in the coronary vessels supplying the 
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non-infarcted myocardium have an important bearing on 
global ventricular dilatation, the best method of achieving 
optimum coronary artery patency is still not clear. 

There is evidence that ventricular unloading therapy in 
the first 24 hours with intravenous glyceryl trinitrate 
reverses the distortion of the cavity associated with infarct 
expansion and although reperfusion therapy also serves to 
preserve the regional shape the mechanism is one of 
myocardial salvage. 


ANGIOTENSIN CONVERTING ENZYME (ACE) INHIBITORS 

Recently the role of ACE inhibitors in the attenuation of 
ventricular remodelling has been increasingly explored and 
these are clearly an exciting class of agents. ACE inhibitors 
by reducing loading conditions and altering the neuro- 
hormonal response to myocardial infarction have been 
shown, experimentally, to reduce infarct expansion; some 
preliminary studies in patients treated with ACE inhibitors 
within few hours of infarction seem to confirm this.?* 
Certainly, we did not experience any important man- 
agement problems when we used intravenous enalaprilat 
and oral enalapril within 24 hours of infarction in addition 
to streptokinase and intravenous glyceryl trinitrate. 

There is now ample experimental and clinical evidence 
that the use of ACE inhibitors after infarct expansion has 
occurred or even in the late remodelling phase reduces 
global ventricular dilatation by optimising ventricular 
loading conditions and wall stress,” and possibly through 
alterations in the myofibre structure and protein and 
collagen content.” Perhaps more exciting is the evidence 
that administration of ACE inhibitors a year after myocar- 
dial infarction resulted in partial reversal of left ventricular 
dysfunction.” 

Experimental evidence indicates that ventricular un- 
loading by use of ACE inhibitors in the first 24 hours 
reverses the regional shape distortion and that continued 
use of these agents in the recovery phase serves to preserve 
ventricular shape and internal geometry. 


Methods to study ventricular remodelling 

Methods available to study ventricular remodelling include 
cross sectional echocardiography, computed tomography, 
magnetic resonance imaging, radionuclide ventriculo- 
graphy, and contrast ventriculography. Cross sectional 
echocardiography, in view of its ease of performance of 
serial studies both in the early and follow up period, 
sophistication, and cost, provides the best practical way to 
study ventricular remodelling. The limitations of this 
technology are that in some patients the quality of the 
images may be unsatisfactory and direct visualisation of 
coronary anatomy impossible. The other non-invasive 
techniques of computed tomography and magnetic reso- 
nance imaging provide high quality tomographic images 
that are not limited by patient factors, although the high 
cost and the relative immobility of the equipment makes 
serial studies in the acute phase difficult. Alterations in 
ventricular volume and shape may be estimated by radio- 
isotope ventriculography and contrast ventriculography 
and information about coronary anatomy may be obtained 
from coronary arteriography. 


Future directions 

Although currently available information suggests that the 
patient with a large, first, anteroapical myocardial infarction 
is at the greatest risk of ventricular remodelling, more 
information 1s required to assess the risk in different 
subgroups by means of a simple non-invasive test. Whereas 
reperfusion therapy with thrombolytic agents and unload- 
ing therapy by intravenous nitrates help to counteract 
remodelling the use of calcium channel blockers and B 
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blockers needs further clarification. The use of ACE 
inhibitors holds great promise and trials that are underway 
should further clarify the role of these agents. More 
research is also essential in defining the optimal combina- 
tion of these various agents with reperfusion therapy and 
the timing of the start of therapy and duration of therapy 
that gives the best results. 
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Coronary occlusive disease and late graft failure 
after cardiac transplantation 
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Abstract 

Objective—Coronary occlusive disease 
is the main cause of late mortality after 
cardiac transplantation. It has both 
similarities and differences compared 
with conventional atherosclerotic coron- 
ary disease. The pathophysiology of late 
graft failure from coronary occlusive 
disease is unclear at present. We re- 
viewed the experience of this disorder in 
our cardiac transplant programme. 

Design—A retrospective analysis of 
angiographic and pathological data. 

Setting—A_ regional cardiothoracic 
centre and transplant unit. 

Patients—Of a population of 383 
orthotopic cardiac transplant recipients 
operated upon between January 1979 and 
June 1990, 447 coronary angiograms were 
available for review in 193 patients. 
Thirteen of a possible 18 results of post 
mortem examinations from patients 
dying from coronary occlusive disease 
were available. 

Main outcome measure—Coronary 
occlusive disease was defined as any 
evidence of disease on coronary angio- 
graphy. Post mortem examinations were 
performed with standard techniques. 

Results The angiographic prevalence 
of coronary occlusive disease was 3% 
(1/32 patients) and 40% (19/47 patients) 
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Left anterior oblique view showing diffuse irregularity and terminal occlusion 
of left anterior descending and left circumflex coronary artery 


at one and five years respectively. Twenty 
six grafts failed due to coronary occlu- 
sive disease compared with 132 graft 
failures from all causes during this 
period. Acute thrombosis was present in 
a large vessel in seven of 13 fatal cases 
undergoing necropsy (54%). Noticeable 
large vessel involvement with disease in 
smaller distal vessels was present in four 
patients (31%). The remaining two 
patients (15%) had small vessel disease 
alone. Twelve of the 13 patients had sig- 
nificant cardiomegaly (cardiac weight 

-400 g) with a mean weight of 510 (range 
370-740) g. 

Conclusion—Coronary occlusive dis- 
ease is the main late complication after 
cardiac transplantation. A combination 
of coronary thrombosis, ischaemia from 
stenoses of large and small coronary ves- 
sels, and cardiomegaly contribute to the 
graft failure of these patients. 
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Coronary occlusive disease is the main cause 
of death in orthotopic cardiac transplant 
recipients more than one year after cardiac 
transplantation.' This disease differs from con- 
ventional atherosclerosis in that it is tubular, 
concentric, diffuse, and often affects smaller 
coronary vessels.’ It may not only develop 
proximally in larger coronary arteries as in 
conventional atherosclerosis, but may be dis- 
tal and obliterative (fig 1). Often it appears as a 
combination of these types of lesion and 
characteristically progresses rapidly.' As 
patients are denervated at the time of opera- 
tion, cardiac ischaemia can develop without 
symptoms until severe cardiac dysfunction 
and death occurs.’ 

Serial coronary angiography has been the 
main method of assessing coronary occlusive 
disease after operation. It is performed to 
detect coronary disease and left ventricular 
dysfunction, and to plan appropriate treat- 
ment. Also it is used as a research tool for 
studying a form of accelerated coronary dis- 
ease in humans. What remains unclear is the 
prognostic importance of the various coronary 
angiographic lesions found in patients with 
coronary occlusive disease, and what is the 
mechanism of graft failure and death. 

We documented the incidence and time to 
occurrence of any form of coronary occlusive 
disease as apparent from coronary angio- 
graphy at our hospital. We reviewed the 
available data from post mortem examination 
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of patients who died during the study, and 
examined some of the processes which led to 


eraft failure. 


Patients and methods 

A total of 383 patients received their first 
cardiac transplant at Papworth Hospital be- 
tween January 1979 and June 1990. Most 
(88%) of the recipients were male (n = 338). 


. The mean age of these patients was 44 (range 


6-63) years at the time of operation. 
Ischaemic heart’ disease (53%) and dilated 
cardiomyopathy (43%) were the main indica- 
tions for transplantation. 


IMMUNOSUPPRESIVE TREATMENT 

The first 29 patients in the cardiac transplant 
programme received azathioprine and pred- 
nisolone only. Cyclosporin was introduced at 
Papworth Hospital in March 1982 and was 
used in 121 patients in conjunction with either 
azathioprine or prednisolone for the next four 
years (double treatment). Triple treatment, 
combining cyclosporin with azathioprine and 
prednisolone, was started in April 1986. Oral 
steroids are gradually withdrawn, if possible, 
in the triple treatment group starting three 
months after operation. 


ANGIOGRAPHY PROTOCOL 

Up to March 1983, patients underwent annual 
coronary angiography. After this time, a dif- 
ferent protocol was devised. The first coronary 
angiogram is now performed two years after 
operation. If coronary occlusive disease is 
detected, annual angiography is performed and 
if not, the next angiogram is performed at four 
years. After four years, all patients undergo 
annual angiography. 

Angiograms were assessed serially for each 
patient by two observers blinded to the clinical 
history. Coronary occlusive disease was defined 
as any sign of disease on angiography. Coron- 
ary disease was graded according to the 
diameter of the ‘stenosis of the most severe 
lesion compared with an adjacent healthy 
artery. The primary coronary arteries were 
defined as the left anterior descending coronary 
artery, left circumflex coronary artery, and right 
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Figure 2 Acturial surowal after orthotopic cardiac transplantation according to type 
of tmmunosuppressive treatment. RR, relative risk; numbers in parentheses are ranges. 
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coronary artery. Their main branches were 
classified as secondary coronary arteries (first 
and second diagonal, first and second obtuse 
marginal, and posterolateral or posterior 
descending branch of the right coronary 
artery). Initially, attempts to assess disease 
angiographically in smaller (tertiary) branches 
of these arteries were made. Without annual 
serial films, the consistent ability to detect 
disease affecting these vessels in all patients was 
not possible.* Therefore this approach was 
abandoned. Significant coronary disease was 
defined as a lesion producing a greater than 
50% reduction in intraluminal arterial 
diameter. 


PATHOLOGY 

Efforts to procure the heart for pathological 
examination were made in all patients who 
died. After fixation in buffered formalin solu- 
tion, the coronary arteries were examined 
throughout their lengths. Serial transverse sec- 
tions were taken at regular intervals and paraffin 
sections were stained with haematoxylin and 
eosin. Both large (primary and secondary) and 
small (tertiary) vessels were examined by light 
microscopy. Cardiomegaly was defined as a post 
mortem heart weight of >400 g.° The diag- 
nosis of death due to coronary occlusive disease 
was made in several patients at post mortem 
examinations performed at other hospitals. 
Unless the heart was released for examination 
here, this data is not included in our study. 


STATISTICAL METHODS 

Statistical analysis was performed with the 
BMDP statistics package. Results are expres- 
sed as mean (ranges) for continuous measure- 
ments. Actuarial survival was calculated by the 
life table method. The risk of death associated 
with improved immunosuppressive treatment 
was assessed by Cox regression analysis and 
tested with the likelihood ratio test. 


Results 

The overall survival figures have improved with 
changes in immunosuppressive treatment (fig 
2). Most patients undergoing coronary 
angiography received cyclosporin treatment. 
No documented change in the incidence of 
coronary occlusive disease has occurred, 
however, with the various developments in 
immunosuppressive treatment here or else- 
where as yet.’ This is shown by the similarity in 
slope of the decline in survival curves after the 
first year in each immunosuppressive treatment 
group (fig 2). 


CORONARY ANGIOGRAPHY 

We reviewed 447 coronary angiograms in 193 
patients. Ninety nine patients had two or more 
coronary angiograms. Coronary occlusive dis- 
ease was present in 3% (1/32) of patients 
undergoing coronary angiography by the first 
year, and 40% (19/47) at five years after opera- 
tion. Figure 3 shows freedom from coronary 
occlusive disease as assessed on coronary 
angiography over seven years from transplan- 
tation. Coronary collateral vessels were seen to 
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Figure 3 Freedom from 
coronary acclusive disease 
as indicated by coronary 
angiography. 
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supply 12% (3/26) of the occluded coronary 
arteries in our study. 

The severity of coronary stenosis produced 
by coronary occlusive disease was usually 
modest. For example, of the angiograms show- 
ing coronary occlusive disease in the left 
anterior descending coronary artery, 55% (61/ 
110) showed lesions that decrease the diameter 
of affected vessels by < 25% of the diameter of 
the adjacent arteries. Only 12% of the cine films 
(13/110) showed lesions of > 50% stenosis in 
the left anterior descending coronary artery. 
Therefore, the degree of luminal obstruction 
was usually not severe. The disease, however, 
often affects different portions of the same artery 
as well as other vessels. This pattern of dis- 
tribution of the disease makes accurate 
anatomical description difficult. 


GRAFT FAILURE 

Coronary occlusive disease caused failure of 26 
grafts (20%) compared with 132 graft losses 
from all causes during this period. Most of 
these patients died later than one year after 
operation (table 1). Thirteen patients who had 
undergone coronary angiography died and the 
heart was available for full examination. Seven 
patients underwent eight cardiac retransplan- 
tation operations. The remaining five patients 
died and had necropsies, but the heart was not 
examined at this hospital. 

The mean age of all patients at the time of 
graft failure was 39 (range 23-57) years. The 
median time from the identification of coronary 
occlusive disease angiographically to death in 
the group dying of coronary occlusive disease 
was 2-3 (range 0-1-5-6) years. Twelve of the 13 
patients who died and had post mortem 


Table] Causes of death in cardiac transplant patients between January 1979 and 


June 1990 





Time from transplantation 








0-90 days 





Causes of death 90 days-1 year >] year 
Rejection 23 9 1 
Infection 21 8 3 
Coronary occlusive disease 0 2 26 
Sudden cardiac death 1 1 3 
Donor heart failure 6 0 0 
Stroke 4 l 0 
High pulmonary resistance 4 0 0 
Multifactorial 4 0 0 
Lymphoma 1 0 2 
Malignancy 0 1 5 
Abdominal complications 2 0 0 
Operative bleeding 1 0 0 
Unknown 1 l 1 
Total 68 23 4} 





examinations had considerable cardiomegaly 
(weight > 400 g) with a mean overall weight of 
507 (range 370-740) g. 

Coronary angiograms were performed 
before graft failure in 18 of the patients who 
had pathology data available (table 2). Coron- 
ary angiography tended to underestimate the 
severity of the stenosis in coronary occlusive 
disease found at post mortem examination. It 
is, however, difficult to assess accurately the 
severity of stenosis in post mortem samples that 
have not been pressure perfused. This struc- 
tural comparison is therefore limited in value. 


MORTALITY 

Thirteen patients died and underwent detailed 
post mortem examination. The mode of death 
was acute thrombosis on a significant lesion 
affecting a primary or secondary vessel in seven 
cases (table 2). In two of these patients there 
was evidence of old thrombus in different 
vessels to the ones affected by the acute throm- 
bus. There was post mortem evidence of 
previous non-transmural myocardial infarction 
in two cases, and a recent infarction in one 
patient who died. 

In four of the 13 patients undergoing post 
mortem examination there was histological 
evidence of coronary disease in small tertiary 
branches, as well as the large primary and 
secondary coronary vessels. Three patients 
died with diffuse involvement of small tertiary 
vessels alone. When disease in small coronary 
vessels was the only cause of death, coronary 
angiography did not detect coronary disease. It 
was performed in two of these cases before 
death, and appeared normal, and was not done 
in the remaining patient as death occurred 
before the first routine coronary angiogram was 
performed. 

The time from the first sign of coronary 
disease to death progressively decreased as 
more primary coronary arteries were diseased, 
but the differences were not statistically sig- 
nificant (fig 4). Longer follow up in more 
patients is required to clarify this. Coronary 
occlusive disease was not detected on coronary 
angiography in 107 (55%) patients at any stage 
during during the study period. Eight of these 
patients have died: two of coronary occlusive 
disease, two of malignancy, two of sudden 
death, and two of other causes. 


RETRANSPLANTATION 

Seven patients were retransplanted for coron- 
ary occlusive disease. One patient required a 
further retransplant for recurrent coronary 
disease. The median time from transplantation 
to reoperation was 3-6 (range 0-3~8-8) years. 
These patients had progressive coronary dis- 
ease that allowed elective reassessment for 
reoperation. Only three of these patients had 
coronary angiography performed on their 
second graft during the study period. 
Therefore there is insufficient data to assess 
angiographic recurrence of coronary disease in 
retransplanted patients. 


Coronary occlusive disease and late graft faslure after cardiac transplantation 


Figure 4 Survival from 
first angiographic evidence 
of coronary occlusive 
disease according to 
number of vessels affected. 
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Table 2 Post mortem data 
Panent Age TTF 
No (y) (y) An PM Event Wt of heart (g) 
1 29 3 NCA 2YDT death 440 
2 49 35 MINLVD IVDT death 400 
3 50 17 NCA 1VD death 600 
4 52 59 3VD LMain T 3VD MI(old) death 510 
5 23 8 MINLVD 2VD T death 580 
6 30 25 MINLVD 1VD Told death 480 
7 46 07 NCA S death 480 
8 44 4 Cx 3VD death 500 
9 45 4 LVD-OM 1VD-T death 480 
10 52 45 NAD SVD death 740 
11 26 28 3VD 3VD Told old and new Mis death 390 
12 36 19 3VD 1VD-T MI death 610 
13 28 1 NCA 1VD death 670 
14 25 3 NCA SVD RETX 440 
15 35 88 2VD SVD 3VD RETX 600 
16 34 31 2VD 3VD RETX 370 
12 2VD 3VD RETX 370 
17 21 44 NCA 2VD RETX 480 
18 36 52 3VD 3VD RETX 545 
19 26 41 3VD 3VD RETX 510 
20 57 03 NCA SVD RETX 470 





TTF, ume to graft failure, An, angiographic lesion or stenosis, PM, post mortem lesion or stenosis, NCA, no coronary 
artenogram available, VD, vessel disease; T, freah thrombus, MINLVD, minor disease in large epicardial coronary artery, SVD, 
disease in tertiary vessels on histology, LMaun, left main coronary artery, T old, old thrombus; CX, left arcumflex artery, LVD- 
OM, large vessel ciscase obtuse marginals, RETX, retransplanted; MI, myocardial mfarction 


Discussion 

Coronary occlusive disease probably occurs as 
a result of responses to immunologically 
mediated vascular injury.’ It may be related to 
the arteriopathy seen in other transplanted 
solid organ grafts.? Higher incidences of 
myocardial cellular rejection?’ and vascular 
(humoral) rejection"! have been reported in 
patients developing coronary occlusive disease. 
Hyperlipidaemia, often exacerbated by 
steroid’? and cyclosporin treatment,” is prob- 
ably an important cofactor in the development 
of coronary occlusive disease. High total 
cholesterol, high LDL cholesterol, and low 
HDL cholesterol concentrates," and hyper- 
tryglyceridaemia have been implicated in 
some studies. Cytomegalovirus infection has 
been suggested as a potential cause of the 
disorder. The relation between virus infec- 
tion and coronary occlusive disease has not 
been found at other centres.’ There is no 
evidence, as yet, of cytomegalovirus causing 
direct coronary artery damage. Other factors 
have been reported as being associated with 
development of disease (table 3). The aetiology 
is unclear at present. No single factor appears 
to be so important that it stands out, because of 
the few patients studied. It is probable that 
coronary occlusive disease is a manifestation of 
chronic vascular rejection in combination with 
other cofactors.” Until the pathogenesis 
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becomes clearer, appropriate preventive and 
therapeutic strategies are difficult to design. 

Serial coronary angiography has been the 
main method of assessing coronary occlusive 
disease after cardiac transplantation. As a result 
of the previously described differences from 
conventional coronary artery disease, it 
underestimates the presence and severity of 
lesions. The reported prevalence of angio- 
graphic coronary occlusive disease after cardiac 
transplantation in other centres varies from 
between 2% and 18% at one year and 40% and 
44% at five years.‘”™* The differences may 
partly represent variations in reporting 
criteria.’ 

It is clear from our study that angiographic 
evidence of coronary disease does not always 
accurately predict the prognosis in an 
individual patient. The low number of graft 
failures from coronary occlusive disease in 
transplant patients limits the comparisons with 
the large trials undertaken in conventional 
coronary artery disease.” The apparently 
increased risk of death in cardiac transplant 
patients with coronary disease may be due to 
the disturbed relation between coronary 
arterial structure, as defined by angiography, 
with coronary vascular and myocardial func- 
tion. The concentric luminal narrowing, 
sequential stenoses, the diffuse nature of the 
disease, and the involvement of small vessels 
are responsible for the functional impairment. 
The few patients who have died from coronary 
occlusive disease precludes identification of 
potential associated risk factors for death. 

Coronary disease with acute coronary 
thrombosis in primary and secondary vessels 
caused death in seven of 13 available cases as 
shown at post mortem examination. Most of 
these atheromatous plaques (six of seven) had 
considerable severity of stenosis. Again, 
reservations must occur regarding the accuracy 
of measurements of stenosis with these post 
mortem findings. This experience of plaque 
rupture as a cause of sudden death, however, is 
similar to that seen in coronary atherosclerotic 
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Table 3 Risk factors associated with coronary occlusive disease 





Factor 


Reference 





Hypertension 
Increased donor and recipient age 


Ischaemic heart disease as indication for transplant 


HLA mismatch and 
And-HLA antibodies 
Cytotoxic B cell antibodies 


Haemostatic factors (fibrinogen, VIIc, VIe) 


Becker et al” 
Sharples et ai ™ 
Sharples ez al “ 
Pennock er al 
Reemtsma et al” 
Hess et al ® 
Hunt er al” 


disease in non-transplant patients. For ex- 
ample, in a series of 100 consecutive sudden 
coronary deaths, 44% had a >50% coronary 
arterial stenosis with a thrombosis.” It is also 
evident that most of the patients had consider- 
able cardiomegaly. The cause of this is unclear, 
as the patients did not have untreated hyper- 
tension (two had treated hypertension). 
Presumably graft failure, at least in some 
patients, was a result of coronary occlusive 
disease in large and small vessels producing 
symptom free cardiac ischaemia in a denerv- 
ated, hypertrophied heart. This resulted in 
myocardial infarction in some cases, and 
presumably, fatal arrythmias in all cases. 

Coronary occlusive disease can produce 
several outcomes. Sudden plaque rupture is 
unpredictable and leads to infarction or death 
in both conventional and transplant coronary 
disease.’ In progressive coronary occlusive dis- 
ease leading to left ventricular dysfunction, full 
assessment for further treatment can be made. 
At present, cardiac retransplantation is the only 
established treatment. Unfortunately, survival 
outcome is poorer than for first time transplant 
patients,’ and the recurrence rates of coronary 
occlusive disease are higher.” Justifying such 
treatment in the face of acute donor shortage is 
dificult.” Percutaneous transluminal coronary 
angioplasty can be used to dilate discrete 
lesions in the proximal coronary arteries in 
cardiac transplant patients. The short-term 
results are comparable with the effectiveness in 
conventional atherosclerosis.” Its long-term 
impact on cardiac function and prognosis is 
unclear. The use of coronary artery bypass 
grafting has been limited, as distal coronary 
vessels suitable for surgery are rare.” 

The lack of suitable treatment for coronary 
occlusive disease calls into question the clinical 
value of routine coronary angiography in the 
follow up of symptom free cardiac transplant 
patients after operation. This contrasts with its 
research role, where it is clear that although 
more patients are required, risk factor analysis 
may eventually provide insights into associated 
cofactors in development of disease. The 
presence of severe lesions in larger coronary 
arteries is likely to be associated with a poor 
prognosis as suggested by our study. The 
mortality data, however, suggests that 
moderate epicardial coronary disease and dis- 
ease in smaller vessels are also important in the 
increased mortality in long-term heart trans- 
plant patients. Ventricular hypertrophy may 
also be an important risk factor. 

Non-invasive methods of detection of coron- 
ary occlusive disease have been disappoint- 
ing.” We should therefore attempt to use newer 


methods of measuring impairment of myo- 
cardial perfusion and function produced by 
coronary occlusive disease.” With this infor- 
mation, improved preventive and therapeutic 
strategies for long-term cardiac transplant 
patients with coronary occlusive disease could 
be made. 

In conclusion coronary occlusive disease is 
the main cause of late mortality and morbidity 
in cardiac transplant patients. Coronary disease 
affecting primary and secondary coronary 
arteries is the main factor in late mortality after 
cardiac transplantation, although disease in 
smaller distal vessels and ventricular hyper- 
trophy are also implicated. Improved methods 
of measuring impairment of myocardial per- 
fusion and function produced by coronary 
occlusive disease should be developed. 
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Impairment of coronary flow reserve in orthotopic 
cardiac transplant recipients with minor coronary 


occlusive disease 


P A Mullins, A Chauhan, L Sharples, N R Cary, S R Large, J Wallwork, P M Schofield 


Abstract 

Objective—Coronary occlusive disease 
is the major long-term complication 
after cardiac transplantation. The rela- 
tion between minor angiographic abnor- 
malities and myocardial perfusion has 
not been previously assessed in a large 
number of cardiac transplant patients. 

Design—Prospective study. Coronary 
flow reserve was measured with an 
intracoronary Doppler flow probe in the 
proximal left anterior descending coron- 
ary artery in each patient. A dose of 
intracoronary papaverine producing 
maximal vasodilation was then adminis- 
tered. 

Setting—A regional cardiothoracic 
centre and a supraregional transplant 
unit. 

Patients—Seven patients with chest 
pain but normal coronary anatomy 
(controls), and 61 cardiac transplant 
patients between three months and 10 
years after operation (median 4:5 years). 
Twenty one cardiac transplant patients 
had angiographic evidence of minor 
coronary occlusive disease (mean (SD) 
percentage stenosis diameter 23% (6%)) 
in a primary or secondary coronary ves- 
sel (group 1), with 12 of these in the left 
anterior descending coronary artery 
(stenosis diameter (mean (SD) 24% 
(8%)). The remaining 40 transplant 
patients had normal coronary angio- 
grams (group 2). 

Main outcome measure—Coronary 
flow reserve was defined as the ratio of the 
peak flow velocity after papaverine to the 
resting flow velocity. 

Results—Group 1 patients had a 
noticeably impaired coronary flow 
reserve (2°6 (1:1)) compared with control 
patients (3-9 (0:4), p = 0-05) and, after 
adjusting for year after operation, com- 
pared with group 2 patients (3-8 (1-0), 
p < 0:001). No other variables were 
associated with a reduction in coronary 
flow reserve. Mean resting flow velocity 
was similar in all three groups (controls, 
7:4 (4:6) cm/s; group 1, 7-5 (5-9) cm/s; and 
group 2, 7:3 (3:9) cm/s). Mean peak flow 
velocity response to papaverine was 
reduced in group 1 patients (18-1 
(13:5) em/s) relative to group 2 patients 
(27:5 (15:4) cm/s, p = 0-05) but not con- 
trols (28:4 (15-1) cm/s, p = 0:1). 
Conclusions—Coronary flow reserve 


and the peak flow response to the coro- 
nary vascular smooth muscle relaxant 
papaverine are impaired in cardiac 
transplant patients with minor coronary 
occlusive disease. This disturbance of 
cardiac microvascular function may 
contribute to the late morbidity and 
mortality seen in cardiac transplant 
patients with coronary occlusive disease. 


(Br Heart J 1992;68:266-71) 


Coronary occlusive disease is the main cause 
of morbidity and mortality more than one year 
after orthotopic cardiac transplantion.' Clini- 
cal monitoring of the disease has been depen- 
dent on serial coronary angiography. This 
method is insensitive at detecting coronary 
occlusive disease in heart transplant patients?’ 
and underestimates it’s presence compared 
with postmortem data.’ This is due to the 
concentric and tubular nature of the disease 
and it’s involvement with the whole length of 
the coronary arteries, (fig 1).' It also affects 
small and medium sized coronary vessels. It is 
not possible to assess all of these vessels 
angiographically. Attempts to classify coro- 
nary occlusive disease in all vessels including 
distal arteries have been made, but the rela- 
tion between coronary anatomy as seen on 
angiography and prognosis is still not clear.’ 
Coronary angiographic assessment of both 
conventional and transplant related coronary 





Figure 1 


I Right anterior oblique view showing diffuse 
irregularity of left anterior descending and left circumflex 
coronary arteries. Arrow shows disease in septal 
perforating branch. 
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occlusive ‘disease has other limitations. For 


example, the assumption that narrowings of ` 


intermediate’ severity are not physiologically 
significant is questioned.” ` Coronary flow 
reserve measurements are increasingly used as 
potential ` methods of ‘estimating the 
physiological impact of coronary pathology,‘ 
including coronary disease which may affect 


_ small vessels,” Coronary flow reserve is defined 
as the ratio'of the maximum to the resting 


coronary flow at a given perfusion pressure, 
when coronary vessels ‘are maximally 
vasodilated. In the normal coronary circula- ` 
tion, coronary flow reserve is reduced by 
lesions producing about 35%-59% stenosis or 


_more in primary coronary arteries?’ To 


imaintain myocardial blood flow, coronary re- 
sistance vessels vasodilate to compensate for 
the resistance offered by proximal stenoses.’ 


” The maximal flow at a given coronary per- 


fusion pressure depends predominantly upon 
the total cross sectional area of the resistance 


_vessels. A reduction in the-number or calibre. 


or impaired: function of these coronary resis- 
tance vessels could have considerable impact 


-on coronary flow reserve. This may limit their 
- ability to respond to reductions in myocardial 


flow. produced by ‘proximal coronary lesions.” 

-Until recently,’ inaccuracy has limited 
methods of ‘assessing effective coronary blood 
flow. The use of small diameter (3 French) 
intracoronary Doppler flow catheters allows 
subselective estimations of coronary blood 
velocity in individual coronary vessels." "° 
This is a. simple reproducible method of 


‘evaluating coronary flow reserve when used in 


conjunction with vasodilators, - particularly 


papaverine.” This.technique has been more ' 


extensively evaluated than any other currently 


` used. We investigated the effects of coronary 


occlusive disease on coronary flow reserved in 
cardiac transplant recipients lei this tech- 
nigue; 


- Patients and methods 


PATIENTS ‘ 


‘Studies were performed i in seven non- -cardiac 


transplant patients (controls) with chest pain ‘ 
but without significant coronary disease who 
were undergoing coronary angiography as part 
of a separate study. Sixty one patients (56 men) 


were investigated after cardiac ‘transplantation. 


'IMMUNOSUPPRESSIVE REGIMEN AND DRUG 


TREATMENT ` 
All cardiac transplant patients were receiving 
cyclosporin and azathioprine immunosuppres- 


sion with or without steroid treatment. None of: 
the patients wére taking f antagonist treatment. 


All vasoactive medication (for example calcium 
antagonists) was. stopped 24 hours before 
Operation. None of the patients received 
Pree a 


BIOPSY PROTOCOL 


- All cardiac transplant patients underwent right . 


ventricular endomyocardial biopsy on the day 
of coronary angiography. These samples were 
examined ‘by conventional light microscopy 


and graded according to standard histological 
criteria for the presence of acute rejection.” 


BLOOD ANALYSIS 

Blood was analysed routinely for full blood 
count, urea and electrolytes, liver function 
tests, fasting lipids (total cholesterol, high 
density lipopoprotein (HDL) and low density 
lipoprotein (LIDL) cholesterol, and serum 


triglycerides), and trough whole blood cyclo- 


sporin concentration on the day of study. 


ECHOCARDIOGRAPHY 
Routine echocardiographic assessment was 
performed with cross sectional and M mode 


‘ evaluation of left ventricular posterior wall and 


septal thickness. To reduce any effect on 
coronary flow measurements produced by left 


_ ventricular hypertrophy patients with a dia- 


stolic septal or posterior wall thickness of more 


‘than 11 mm were not included in the study. 


CATHETERISATION PROTOCOL 

The patients fasted before cardiac catheter- 
isation. Coronary angiography was performed 
by the Judkins technique through the right 
femoral artery in all patients. Coronary injec- 


"+ tions were performed manually with up to 8 ml 


of intracoronary radio-opaque contrast 
(Niopam) and cine film recordings were made in 
multiple projections. After routine angio- 
graphy the proximal left anterior descending 


, coronary artery was centred for optimal view- 


ing. To eliminate vasoactive effects from the 
contrast medium at least 10 minutes elapsed 


before the study continued. 


Heparin (10000 units) was given intra- 
venously. A size 8F angioplasty guiding cathe- 
ter was placed into the left coronary ostium and 
a 0-014 inch guide wire into the distal part of 
the left anterior descending coronary artery. 
With a monorail technique, a size 3F 20 MHz 
intracoronary Doppler flow probe (Schneider, 
UK) was placed over the guide wire into the 
proximal segment of the left anterior descend- 
ing coronary artery. The Doppler flow probe 
and the range gate of the velocimeter were 
adjusted to get good quality phasic and mean 
coronary blood flow velocity signals. These 
signals were recorded with the surface electro- 
cardiogram on a Mingograf recorder (Siemens- 
Elema, Sweden). 

Baseline mean resting and phasic coronary 


blood flow velocity were taken in each patient. 


After an initial intracoronary 2 mg test dose of 
papaverine hydrochloride through the guiding 
catheter, further injections of up to 14 mg of 
papaverine (2 mg per ml in 0-9% saline) were 
given in 2 mg increments until maximum flow 
was achieved. The hyperaemic response was 
recorded in the form of maximum mean and 
phasic blood flow velocity (cm/s) (fig 2). Velocity 
profiles were allowed to return to baseline 
between doses of papaverine. 


“CORONARY ANGIOGRAPHY 


Each coronary angiogram was assessed by two 
independent observers blinded to the clinical 
history. Coronary occlusive disease was defined 
as any evidence of disease on the angiogram in 
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primary or secondary coronary arteries. `The 
primary coronary arteries were defined as the 
left anterior descending coronary artery, left 
circumflex coronary artery, and right coronary 
artery. Their main branches (the diagonal, 
obtuse marginal, and posterolateral or pos- 
terior descending branch of the right coronary 
artery) were classified as secondary coronary 
arteries. ; 

Coronary disease was graded according to 
the stenosis diameter of the most severe lesion 
in primary or secondary coronary vessels com- 
pared with an adjacent healthy artery. The 
coronary lumen was defined as the effective 
perfusion channel and was measured in dias- 
tolic frames. Quantitative measurements of 
arterial diameter in coronary vessels were taken 
with digital electronic calipers (Sandhill Scien- 
tific Inc). This method was used in studies 
examining both progression of coronary 
occlusive disease” and coronary flow reserve.’ 
Two views were taken and projected by a 
Tagarno system on to a sheet of paper. The 
arterial diameter was measured in the left 
anterior descending coronary artery from trac- 
ings of the projected image in diastole, at a 
distance of 2-3 mm from the tip of the Doppler 
flow probe. The diameters were calculated as 
the mean of the meaurements of these two 
views. The most severe lesion in the coronary 
arterial tree was measured by the same method. 
Coronary angiography was performed at rest 
and at peak hyperaemia, and changes in coron- 
ary diameter were measured. Left ventricular 
angiography was performed at the end of the 
study. Patients with evidence of left ventricular 
wall motion abnormalities in the region sup- 
plied by the left anterior descending coronary 
artery were not included. 


CORONARY FLOW RESERVE AND CORONARY 
VASCULAR RESISTANCE INDEX 

Figure 2 shows that coronary flow reserve 
(CFR) was defined as the ratio of the peak flow 
velocity (PFV) to the resting blood flow velocity 





Figure 2 Increased coronary blood flow velocity after an intracoronary tnjection of 12 mg of papaverine hydrochloride. 


(RFV). To offset any changes in blood pressure 
during the study, a coronary vascular resistance 


index (CVRD was calculated: 
_ tean BP at peak flow/PFV 
mean BP at rest/RFV 


where BP = aortic blood pressure. 


STATISTICAL ANALYSIS 

Results are expressed as means (SD) for con- 
tinuous measurements, and frequencies for 
categorical variables. The three groups were 
compared in pairs by Bonferroni’s method to 
compensate for multiple non-independent test- 
ing. To avoid bias, logistic regression analysis 
was used to adjust coronary flow reserve 
measurements for the year after operation in 
the transplanted groups, and comparisons were 
made by the likelihood ratio test. Statistical 
significance was assumed for p < 0:05. 


ETHICAL COMMITTEE APPROVAL 
This study was approved by the Huntingdon 
District Health Authority Ethical Committee. 


Results 

PATIENT DETAILS 

The seven control patients underwent repeat 
coronary angiography and coronary flow 
reserve investigations as part of a separate 
study. Tables 1 and 2 show relevant patient 
information, haemodynamic measurements, 
and other variables for all groups. 

The median time from operation for all 
cardiac transplant patients was 4-5 years (range 
three months to 10 years). Of the transplanted 
patients, 31 originally underwent transplanta- 
tion for ischaemic heart disease, and the 
remaining 30 patients for dilated cardio- 
myopathy. Group 1 cardiac transplant patients 
were significantly further from operation com- 
pared with group 2 patients (Mann-Whitney 
z= 27, p < 0-007). Variables that could 
potentially be related to the development of 
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Table 2 Demographic data (mean (sD) 


- transplant patients without coronary 
th pone aa W: women, Hct, haerhatocrit.” : 


‘Table 1: Patient variables (mean (SD)) ` 
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CORONARY ANGIOGRAPHY 

Of the seven controls, six patients did not have 
any evidence of coronary disease on angio- 
graphy. The remaining patient had a minor 


'' lesion (23% stenosis) in the left circumflex 
“coronary artery. Forty cardiac transplant 
. patients had normal coronary angiograms, but 


21 transplant patients had minor lesions in 
epicardial . vessels; the mean percentage 
-diameter of the most severe lesion in the 
coronary tree was 23% (6%) including 12 
‘lesions in the left anterior descending coronary 
‘artery itself (mean percentage diameter 24% 
_ (8%))..Nine of these patients had minor coron- 


« „ary disease in one primary or secondary vessel, 


four patients had disease in two vessels and the 


‘remainder had disease in three or more coron- 
vary arteries, 


CORONARY FLOW RESERVE MEASUREMENTS 

_ Figure 3: shows coronary flow reserve 
-, Measurements taken in all patients. After 
adjustment for year from operation (fig 4), 


¿group 1 patients had a significantly impaired 


coronary flow: reserve and a higher coronary 
. vascular resistance index compared with group 
2 patients (likelihood ratio statistic = 18-5,p < 


“0-001, (table 3). Coronary flow reserve was also 
‘reduced compared with the control group (p = 


0-05). The mean resting coronary blood flow 


‘ was similar in the three groups. Mean peak flow 


velocity was impaired in patients with minor 


-,, coronary occlusive disease compared with 
. group 2 patients (p = 0-05), but not controls 
; . although there was a trend towards this (p = 


0-1). There was mean overall dilatation by 17% 
- of the left anterior descending coronary artery 
, inall groups in response to papaverine (table 4). 

Arterial diameter measurements were accept- 
‘ably reproduced. with minimal interobserver 
_ (r = 0-91) and intraobserver variation (r = 
“0 -95). . 


: ' ENDOMYOCARDIAL BIOPSY 


A mean of two rejection episodes had occurred 


' „ in each cardiac transplant patient at some time 
_-after transplantation (range 0-8 episodes). 


Acute rejection was present in only three 
patients during the study. The coronary flow 


.,. reserve of these patients (mean CFR 4-0 (1-1)) 


'. Table4 Details of vasodilatation (mean (SD)) 
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was similar to patients without coronary 
occlusive disease (mean CFR 3-8 (1-0)). 


COMPLICATIONS 

One transplant patient had a short episode (less 
than 5s) of non-sustained, symptom free, 
ventricular tachycardia. This has previously 
been described in response to intracoronary 
papaverine.’ ’ Another transplant patient had 
a brief respiratory arrest due to a reaction with 
the radiopaque contrast medium. There were 
,no complications in the control group of 
patients. 


Discussion 

Our study shows that impairment of coronary 
flow reserve and maximum hyperaemic coron- 
ary blood flow is present in cardiac transplant 
patients who show minor large vessel coronary 
occlusive disease on an angiogram. The degree 
of stenosis in the conduit (left anterior descend- 
ing) coronary artery was minor and affected this 
vessel in only 12 of 21 (57%) of patients. Also 
there were no differences between the groups in 
the degree of vasodilation produced by 
papaverine in the proximal left anterior 
descending coronary artery. This suggests 
vasodilatory dysfunction in the coronary resis- 
tance vessels in these patients. 

- The reduction in coronary flow reserve and 
maximum hyperaemic coronary flow could be 
-explained by a reduction in the number of 
resistance vessels as coronary occlusive disease 
progresses.” Work on animals suggests that the 
precapillary resistance vessels of over 100 um 
are responsible for roughly half the total coron- 
ary vascular resistance." Deficits in coronary 
flow can be mediated by the direct effects of 
coronary occlusive disease on small vessels 
with diameters above this size. Occlusion of 
small tertiary (branches of primary and secon- 
dary coronary vessels) coronary branches is 
commonly seen post mortem,” but would have 
to be extremely widespread to have such a large 
effect on its own. Vasodilatory function of the 
vascular smooth muscle of resistance vessels 
may also be disturbed during the development 
of coronary occlusive disease. It is possible that 
both these factors may operate. Clinically, 
diffuse disease of the small vessels in cardiac 
transplant recipients is important. It can be the 
sole cause of progressive cardiac dysfunction 
and death in some patients, and may contribute 
to considerable disturbance of perfusion by 
modest primary coronary artery stenoses.’° 

Other alternative explanations for impair- 
ment of coronary flow reserve and peak coron- 
ary flow in the group with coronary occlusive 
disease need to be excluded. There were no 
obvious significant differences in heart rate, 
myocardial contractility, ventricular dilatation, 
raised left ventricular end diastolic pressure, or 
in haematocrit concentrations between the 
three groups.’ Although the resting heart rate 
in patients with a denervated cardiac transplant 
is often higher than in normal patients, the lack 
of premedication in the control patients prob- 
ably accounts for the lack of difference in heart 
rates at the time of the study. It is known that 


left ventricular hypertrophy, ventricular wall 
motion abnormalities and collateral vessels can 
produce abnormal flow reserve measurements.* 
None of the patients had these features. It is 
noteworthy that collateral vessels in heart 
transplant patients are unusual.’ This may also 
be a reflection of dysfunction in smaller coron- 
ary vessels. 

‘The mechanisms leading to the development 
of coronary occlusive disease and disturbance 
of coronary vascular function are-not clear. 
Coronary occlusive disease probably occurs as 
a result of responses to immunologically 
mediated vascular injury.” It may be related to 
the arteriopathy seen in other solid organ 
transplanted grafts." Higher incidences of 
myocardial cellular rejection?” and vascular 
(humoral) rejection’ have been reported in 
patients developing coronary occlusive disease. 
Hyperlipidaemia, often exacerbated by 
steroid” and cyclosporin treatment,” may be a 
cofactor in the development of coronary 
occlusive disease in some cardiac transplant 
patients. Cytomegalovirus infection has been 
suggested as a potential cause of coronary 


- occlusive disease.” We did not find any associa- 


tion between myocardial rejection, lipids, 
cytomegalovirus or evidence of infection, and 
coronary flow measurements in patients with 
transplants. Group 1 patients, however, had 
minor coronary artery disease affecting the 
primary and secondary ‘coronary arteries. It is 
possible that these factors are not important in 
producing vasomotor dysfunction in the coron- 
ary microcirculation, but contribute to the 
development of coronary occlusive disease in 
larger coronary arteries. 

It was also evident that acute cellular rejec- 
tion did not have an important effect on coron- 
ary flow reserve in the few patients with acute 
rejection at the time of investigation. One study 
has suggested that there is severe impairment 
of coronary flow reserve during acute myo- 
cardial cellular rejection,” but less reliable 
methods of measurement were used. This 
finding was not confirmed by other workers with 
similar techniques to ours.” We also did not 
find any evidence of vascular rejection on 
endomyocardial biopsy with conventional light 
microscopy. It has been noted that vascular 
rejection as seen by immunofluorescence tech- 
niques occurs up ‘to about four weeks after 
transplantation.” More sensitive techniques 
need to be developed to be sure that persistent 
immunologically mediated vascular damage in 
heart transplant patients is not occurring. This 
may not only be directed at major histo- 
compatibility complex related vascular 
antigens.” - 

Cyclosporin could potentially produce dif- 
ferences in coronary flow reserve due to vaso- 
active effects.’*? It has been suggested 
specifically that coronary flow reserve may be 
affected by cyclosporin concentrations in heart 
transplant patients.” We found no effect 
produced by trough whole blood cyclosporin 
concentrations in our patients. 

This study confirms previous findings that 
cardiac transplant patients who do not have 
coronary occlusive disease have a similar 


coronary flow reserve and coronary resistance to 
non-transplanted controls.” * It has been sug- 
gested in one study that patients with mild to 
moderate degrees of coronary occlusive disease 
do not have impaired vasodilator reserve. * 
Only five cardiac transplant patients with 
coronary disease were actually studied, 
however, and some of these may have been 
taking B antagonist agents that would affect 
coronary flow measurements. Also, our cardiac 
patients with transplant coronary disease were 
studied at a longer interval after operation 
(mean 5, range 0:3-10 years) than in the 
previous study (mean 3-3, range 1-4-75 years). 
Therefore coronary microcirculatory dysfunc- 
tion may have been more advanced in our 
patients. 

Functional assessment of the coronary 
vasculature in patients with coronary occlusive 
disease is preferable to anatomical visualisation 
of the lumen of the proximal coronary arterial 
tree. Intracoronary flow techniques are fairly 
safe and reliable and can give this additional 
information. Non-invasive assessment of 
coronary perfusion and flow reserve are impor- 
tant alternative approaches that should be 
developed further.” Isotope perfusion studies 
show impaired myocardial perfusion in the 
absence of allograft rejection and significant 
epicardial disease.” This may parallel impair- 
ment of coronary flow reserve and explain these 
perfusion abnormalities. 

The clinical importance of the measured 
reductions in coronary flow reserve and peak 
hyperaemic response in individual cardiac 
transplant patients is uncertain at this early 
stage. Progressive myocardial dysfunction and 
increased mortality could occur in the patients 
with lower coronary flow reserve. Some patients 
with apparently normal coronary angiograms 
have impaired coronary flow reserve. These 
patients may have distal coronary occlusive 
disease that is not seen on angiography. 
Longitudinal studies are now underway to 
evaluate the relevance of these findings. 


CONCLUSION 

Coronary flow reserve and hyperaemic response 
to the non-endothelial dependent vasodilator, 
papaverine, is significantly impaired in heart 
transplant recipients when minor coronary 
occlusive disease is identified: by coronary 
angiography. Dysfunction of the coronary 
microcirculation may contribute to the con- 
siderable late morbidity and mortality 
produced by the disease. This may prove an 
important method: of evaluating coronary 
occlusive disease in patients after cardiac trans- 
plantation. 

We thank Dr G I Verney and stuff of the x ray and cardiac 


technical departments at Papworth Hospital for their support 
during this study 
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Abstract 

Background—Phosphorus nuclear 
magnetic resonance spectroscopy has 
been proposed as a method of studying 
the metabolism of the myocardium in 
patients. Little is known about "P 
nuclear magnetic resonance spectro- 
scopy of diseased human hearts. 

Methods—Two donor hearts meeting 
the requirements for heart trans- 
plantation and 11 diseased hearts were 
removed during a transplantation 
procedure and were studied in a 
horizontal 2°35 T superconducting 
magnet. Spectra were obtained at 0°C 
about 30 minutes after the excision. The 
areas of the inorganic phosphate peak 
(Pi) and: of the phosphocreatine peak 
(PCr) were summed and expressed as a 
ratio with respect to the area of the $ 
ATP peak. 

Results--The ratio (Pi + PCr)/f6 ATP 
was found to be significantly lower in five 
hearts with, a` myocardial infarct (0-77 
(0-18)) than in hearts with dilated 
cardiomyopathy (1:25 (0°29))- and in 
normal hearts (1:69 (0-11)). The area of 
the phosphodiester peak. was expressed 
as a ratio: with respect to the area of the f 
ATP peak: no differences were found 
between the three groups. 

Conclusions—These results suggest 
that the phosphocreatine concentration 
is lower in ischaemic heart disease than 
in dilated cardiomyopathy and that the 
phosphodiester peak is probably not 
useful in distinguishing between these 
two types of heart disease. 


(Br Heart J 19923;68:272-5) 


Our knowledge of the energetics of failing 
human myocardium is limited. -Magnetic 
resonance’ spectroscopy proved useful for 
studying the metabolism of isolated perfused 
hearts.' In recently published studies, 
localised phosphorus nuclear magnetic 
resonance; spectroscopy has been used to 
measure myocardial high energy phosphates 
and phosphorylated lipids in vivo.?* Results 
obtained by this method should be interpreted 
cautiously since a contamination of spectra by 
contributions from the blood or from the 
chest wall muscles is commonplace. Using 
Magnetic resonance spectroscopy we have 
assessed donor and recipient hearts in a 
programme of heart transplantation. In such 
in vitro conditions the whole heart can be 


studied without contributions from the chest 
wall or blood. 


Patients and methods 

PATIENTS 

In eleven patients: undergoing a heart trans- 
plantation the heart was arrested by a cardio- 
plegic medium and excised. All recipients 
were in class IV of the New York Heart 
Association at the time of the transplantation: 
one patient had valve disease, five had dilated 
cardiomyopathy with a mean (SD) systolic 
pulmonary artery pressure 47 (10) mm Hg 
and an ejection fraction 22:4 (6-9)%, five 
patients had three vessel coronary artery 
disease at -coronary arteriography with a 
previous .myocardial infarct with a mean 
systolic pulmonary artery pressure 53-9 (14-2) 
mm Hg (non-significant) and an ejection frac- 
tion of 24-8 (8;1)%. We also studied the hearts 
of two patients meeting the criteria of heart 
donor. 


EXCISION OF THE HEARTS 

The donor and recipient hearts were 
examined in the same manner. The cardio- 
plegic medium had the following composition: 
Nat 147° mmol/l, K* 20 mmol/l, Catt 
2 mmol/l, Mg** 16 mmol/l, C17 203 mmol/l. 
Cardioplégic arrest was obtained by infusing 
2 litres of this solution into the aortic root. 
The hearts were removed and placed in two 
sterile plastic bags and in a plastic container 
filled with ice. All the hearts were studied 
between 15 and 30 minutes after excision. 
Depending on the availability of the magnet 
some of the hearts were studied several times. 


NUCLEAR MAGNETIC RESONANCE SPECTRA 
ACQUISITION AND PROCESSING 

Spectra were acquired in a 2:35 T, 40cm 
bore, horizontal superconducting magnet 
(Biospec BNT100 spectrometer, Briker, 
Germany). The 5cm diameter surface coil 
could be tuned to both the 'H (100-425 MHz) 
and *'P (40-65 MHz) frequencies with the aid 
of tune/match circuits. The heart was main- 
tained within its sterile container and 
positioned directly upon the coil. The field 
homogeneity was optimised by shimming on 
the proton signal; 128 free induction decays 


. were. accumulated over 2 minutes with a 


repetition time of 1-25 s. The radiofrequency 
pulse length was 70 us and this corresponds to 


: 1 p 
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Nuclear magnetic resonance indices measured tn 13 hearts at different times after excision 
(N, normal hearts; valve, valve disease; DCM, dilated cardiomyopathy; MI, hearts 
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the maximum of signal for a repetition time of 
1-25 s. The total acquisition time was kept 
down to 5-minutes. The free induction decays 
were processed by conventional trapezoidal 
. multiplication followed by a 15 Hz line 
broadening.” The data were subsequently 
Fourier transformed and phase corrected to 
, the zero and first order. The areas of inorganic 
phosphate (Pi); phosphocreatine (PCr), phos- 
phodiesters (PDE), and, Bf ATP were 
measured by fitting lorentzian line shapes. The 
individual peak areas were corrected for T1 
saturation effects by comparison with a 
reference spectrum ‘acquired with a repetition 
Figure l Spectra 
obtained from a 
heart studied 30 minutes 
after excision (bottom) 
and nine hours after 
excinon (top). PME, 
phosphomonoester; Pi, - 
inorganic phosphates; 
PCr, phosphocreatine. 
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Figure2 S a obtained 30 minutes after excision 


from two different recipient hearts with idiopathic 


car. . The ratio of the sum of inorganic 
phosphates and phosphocreatine to ATP was stmilar to 
that of donor hearts. 


time of 208. The chemical shift of phos- 
phocreatine with respect to the inorganic 
phosphates was measured to give indirect 
information on pH by means of the following 
equation: pH = 675 + Log ((d — 3 27)/ 
5:69 — d)), where d = chemical shift in 
ppm 


> STATISTICAL METHODS 


The results were expressed as mean (SD). 
Means were compared by Strudent’s t test. 


Results 


. The results are expressed for each heart as the 


ratio of phosphocreatine to B ATP (PCr/ATP), 
the ratio of inorganic phosphate to 8 ATP (Pi/ 
ATP), the ratio of phosphocreatine plus in- 
organic phosphate to 8 ATP, and the pH 


. (table). 


Typical spectra are shown for three groups: 
normal hearts (fig 1), dilated cardiomyopathy 
(fig 2), and myocardial infarction (fig 3). 


ATP 


- PCr y-ATP 
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| Figure Spectra obtained 30 minutes after excision 


from two rectpient hearts with coronary artery disease. 
The phosphocreatine concentration was low and this — 
finding was not explained by a simultaneous increase in 
inorgamc phosphates caused by breakdown of PCr 
because the sum of these two compounds remained low m 
comparison to ATP. 
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Figure4 (PCr + Pi)] 
ATP rano calculated in 
three groups: donor hearts 
(N); dilated 
cardiomyopathy (DCM); 
(myocardial infarction 
(MI). 


tnfarction (MI) groups. 
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(Per + PiVATP 


N DCM 


Mi 


Pi/ATP increased and PCr/ATP decreased 
in the hours after the excision (table) whereas 
the ratio (PCr + Pi)/ATP remained stable. 
The PDE/ATP ratio varied without any 
noticeable trend. The pH became more and 
more acidic until the PCr disappeared and the 
pH could not be measured. Thirty minutes 
after the excision (PCr + Pi)/ATP was 1-69 
(0-11) in normal hearts, 1-25 (0:29) in dilated 


cardiomyopathy (NS), and 0-77 (0-22) in 


myocardial infarct (p < 0-01 v normal hearts 
and p < 0-05 v dilated cardiomyopathy)(fig 4). 
No significant difference was found for the PDE/ 
ATP ratio (fig 5): 0-16 (0-07) in normal hearts, 
0-125 (0-13) in dilated cardiomyopathy and 
0-18 (0-16) in myocardial infarction. There was 
no difference in pH between the three groups 
(fig 6) (7-4 (0-1) in normal hearts, 7-3 (0-1) in 
dilated cardiomyopathy, and 7:3 (0-2) in 
myocardial infarction). 


Discussion . 

Our study confirms that examination of whole 
excised human hearts by magnetic resonance 
spectroscopy is feasible with a wide bore 
horizontal magnet. Inorganic phosphates and 
phosphocreatine cannot be analysed separately 
in our study because during the cardioplegia 
and the first minutes of conservation break- 
down of phosphocreatine is highly variable. 
The sum of phosphocreatine and inorganic 
phosphates gives an indication of the maximum 
amount of phosphocreatine in the heart at 
excision. We expressed the result as a ratio to B 
ATP because ATP values remain constant 
when phosphocreatine is still detectable. The 
lack of a significant change in the ratio 
(PCr + P/f ATP during the initial hours 
after excision, despite the breakdown of 


Ratio PDE/ATP 








80 


pH 


75 





70 


N DCM 


Figure6 pH calculated in donor (N), dilated 
cardiomyopathy (DCM), and myocardial infarction _ 
(MI) groups. G 


phosphocreatine, is indirect evidence that this 
assumption is correct. 

In the two normal hearts the (PCr + Pi)/B 
ATP ratio was 1-69——that is, in the same range 
as the ratio PCr/ATP measured in open chest 
pig in vivo.® In the perfused guinea-pig heart 
this ratio was about 1-8. It seems likely that the 
normal PCr/ATP ratio in human hearts 
measured by nuclear magnetic resonance 
would be similar to the ratio in these two 
species. In one normal heart phosphocreatine 
was still detectable nine hours after excision. 
This suggested that the heart might still have 
been viable. This accords with previous find- 
ings by Van Echteld et al? and suggests that the 
rate of decrease of phosphocreatine in excised 
human heart is much slower than in hearts from 
small animals. 

With competent technical support and 
adequate instrumentation a heart graft can be 
quickly examined. But nuclear magnetic 
resonance study of heart grafts cannot be 
recommended for two reasons: there are no 
reliable experimental or clinical data to show 
that magnetic resonance spectroscopy could 
predict the haemodynamic viability of the 
graft. Because the graft can be conserved only 
for a limited time the surgical procedure must 
be underway in the recipient when the graft 


- arrives and the study in the magnet could delay 


the transplantation itself. Nevertheless, the 
development of techniques that allow the heart 
to be conserved for more than six hours could 
make nuclear magnetic resonance spectroscopy 
a useful adjunct for deciding whether the heart 
is viable for transplantation. 

Because we studied recipient hearts under 
the same conditions as normal hearts, the 
differences we saw cannot be explained by 
differences in the temperature, time after 
excision, or nuclear magnetic resonance 
measurement techniques. In the failing heart, 
the (PCr + Pi)/ATP ratio is significantly lower 
in infarcted hearts, but can be nearly normal in 
dilated cardiomyopathy even at the terminal 
stage of heart failure when a heart transplant is 
required. Differences between hearts with 
myocardial infarction and dilated cardio- 
myopathy cannot be explained by different 
ejection fractions or pulmonary artery 
pressures. In isolated perfused rat hearts the 
ratio PCr/ATP reflected the imbalance between 


p 
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metabolic demand and.energy supply which led 
to a reduction of the percentage of creatine that 


is phosphorylated.’ It could be argued that.a ‘ 


partial volume effect from the’ scar-and’ the 


surrounding jeopardised myocardium could .’ 


modify the measurements in a heterogeneous 
myocardium but it is unlikely that this effect 
could modify results expressed as a ratio of 
phosphocreatine to ATP. Another hypothesis 


is that the concentration of the total creatine 


falls. Such a fall was seen in human myo- 


cardium .with hypertrophy caused by aortic” 


stenosis and in the myocardium of patients 
with coronary artery disease.’ The reduced 
PCr/ATP ratio in ischaemic heart diseases 
could reflect a metabolic adaptation either to the 
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Our data provide information on the phos- 
phorus spectroscopy findings in normal and 
diseased hearts and should contribute to a 
better understanding of the spectra obtained in 
vivo. Further work is needed to explain the 
observed decrease of the PCr/ATP ratio in 
ischaemic hearts. 


We thank Professor G K Radda, Dr B Rajagopalan, and 


. Dr AM Seymour for helpful discussions. 


hypertrophy of the non-infarcted area or to : 


the ischaemia induced by,the coronary artery. 
disease itself. Further studies are. -needed to 
clarify these issues. - 

Myocardial pH calculated by qhe classic 
formula was rather alkaline. This is due to 


hypothermia. Use of another. pH titration ` 
curve (pH=6-88+Log (d—3-35)/5-6—d))- 


established at 4°C? would have led to even more 
alkaline pH values. Any attempt to correct for 
these effects of temperature would induce a 
parallel modification of the calculated-pH in all 
the studied hearts and no intergroup significant 
differences would appear, suggesting that the 


. pH isnot modified even in severe heart diseases. 


We found no difference in the concentration 
of ._phosphodiesters between ` the _ different 
groups we studied. Phosphodiesters. have 
an NMR . frequency between inorganic 
phosphates and phosphocreatine. They are 
regarded as being a consequence of muscle 
modifications both in myocardium” and- in 
skeletal muscle.'! The fact that the hearts were 
studied with a minimum quantity of blood after 
the infusion of. the cardioplegic medium 


‘suggests that in some cases the reported PDE 


peak during in ‘vivo studies could have been 
related to a partial volume effect of blood. 
Our data suggest that phosphodiesters do not 
aid the identification of different types of 


. myocardial disease. 
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Intravascular ultrasound imaging of the coronary 
arteries: an in vitro evaluation of measurement of 
area of the lumen and atheroma characterisation 


Mark H Anderson, Iain A Simpson, Demosthenes Katritsis, Michael J Davies, 


David E Ward 


Abstract 

Objective—To assess the accuracy of 
measurement of area of the lumen, and 
sensitivity, and specificity of detection of 
atheroma in coronary arteries in vitro 
with a commercially available 20 MHz 
intravascular ultrasound system. 

Setting—A teaching hospital depart- 
ment of cardiology with the support of 
the department of cardiovascular path- 
ology. 

Procedure—10 segments of coronary 
artery were removed from cadaver 
hearts. Intravascular ultrasound imag- 
ing was performed at fixed levels and the 
vessels were then sectioned and photo- 
graphed before histological preparation. 
An independent blinded observer 
measured luminal area and assessed the 
presence of atheroma on the intravas- 
cular ultrasound images of 76 vessel sec- 
tions (304 quadrants). The sensitivity and 
specificity of detection of atheroma was 
assessed in comparison with the histo- 
logically prepared sections. Luminal 
areas from intravascular ultrasound, 
photographs of cross sections of the ves- 
sels and histological sections were com- 
pared with the technique of limits of 
agreement. 

Results—Overall 36% of the 304 
quadrants studied histologically had 
identifiable atheroma. Intravascular 
ultrasound sensitivity for atheroma was 
0:593 and the specificity was 0:839. The 
positive predictive value was 0:674, and 
the relative risk 3-139. Values for area of 
the vessel lumen ;were on average 
9-4 mm? (confidence, interval (CI) 86- 
10-2 mm’) larger than those measured 
from photographs and 107 (CI 98- 
11-6 mm?) larger than those measured 
from the histological sections. 

Conclusions-——-The intravascular ultra- 
sound system assessed in this study sig- 
nificantly overestimated coronary vessel 
luminal area and had low sensitivity and 
specificity for detection of atheroma. 
Improvements in image resolution are 
required before this system can provide 
useful information on coronary artery 
size and morphology. 


(Br Heart J 1992;48:276-81) 


The concept of imaging the coronary arteries 
from within the lumen with ultrasound is not 
new but early attempts were limited by cath- 
eter technology.’ The development over the 
last 15 years of intravascular interventional 
procedures such as angioplasty and atherec- 
tomy has renewed interest in intravascular 
imaging. The realisation that the distribution 
and structure of the atheromatous plaque are 
important factors affecting the success of these 
strategies spurred interest in intravascular 
ultrasound .and angioscopy. Imaging of the 
vessel after the intervention would enable 
assessment of the response of the atheroma to 
the treatment and identification of features 
associated ‘with satisfactory long-term out- 
come. Although angioscopy can achieve imag- 
ing in front of the catheter tip it provides 
information on surface appearance only 
whereas intravascular ultrasound has the 
potential advantage of providing information 
on the deeper composition of the vessel wall 
including atheromatous plaques. This tan- 
talising prospect is responsible for the current 
explosion of interest in intravascular ultra- 
sound techniques. 

Recently published studies have shown 
excellent correlation of vessel measurements 
made by ultrasound with those obtained at 
angiography’ and by histological studies in 
vitro.” Also some studies have suggested that 
detailed information about the composition of 
the plaque may be obtained.‘ The goal of our 
study was to see whether we could match the 
promising results suggested by these clinical 
studies with a commercially available 
ultrasound system, when applied in vitro to 
coronary artery specimens. Specifically we 
aimed to assess the accuracy of luminal area 
measurements made by the system and its 
abiliry to identify plaque morphology when 
compared with histological examination. 


Method 
SPECIMEN PREPARATION 


-Ten hearts with a short length of ascending 


aorta and the coronary sinuses intact were 
removed from cadavers at post mortem 
examination. A piece of plastic tubing was 
placed in the aorta and elastic bands ensured a 
snug waterproof connection between the tube 
and the aorta. Fixative solution (10% formal- 
dehyde) was perfused into the aorta at a pres- 
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Figure 1 Coronary 
artery specimen sutured in 
Perspex carrier. 


Figure2 x Ray 
appearance of the 
ultrasound imaging 
catheter up. (A) 
Ultrasound transducer; 
(B) fluid filled space; (C) 
radiopaque catheter tip; 
(D) metal marker probe. 


Perspex 
carriage 


Supporting 
thread 


Artery 
specimen 


Hole for IVUS 
Catheter 


sure of 100 mm Hg to simulate systemic pres- 
sure. The fixative drained into a lower reservoir 
from which it was recycled by a pump. After 24 
hours connected to this system the heart was 
removed and a two cm long segment of coron- 
ary artery (nine hearts) or aortocoronary bypass 
graft (one heart) was removed for further 
study. This pressure fixation technique is used 
to maintain arterial morphology during sub- 
sequent processing. 

Excess fat was dissected away from the 
segment of artery. The artery was suspended 
within the limbs of a Perspex carrier with 6 
prolene (fig 1). Sutures were adjusted so that the 
specimen was central but not under tension. 

A Diasonics intravascular ultrasound system 
that provided the images ws connected to a 4:8 
French gauge 20 MHz ultrasound imaging 
catheter (Sonicath™, Boston Scientific Ins- 
truments). This catheter has a monorail tip to 
enable passage over a guide wire. Of necessity 
the ultrasound transducer was positioned some 
3 cm back from the tip (fig 2). Before use the tip 
of this catheter was filled with sterile degassed 
water through a seal located within the mono- 
rail port in accordance with the manufacturer’s 








instructions. The tip was then swung gently by 
hand to displace any small bubbles over the 
transducer. The proximal end of the catheter 
attaches to a motor drive unit which in turn is 
attached by flexible cable to the Diasonics 
ultrasound machine. The machine displays the 
image from the catheter on a six inch screen. 
Gain and magnification are variable. For both 
we used the settings recommended in the 
manufacturer’s manual and these remained 
unchanged throughout the study. An on line 
facility allows measurement of circumference 
and area of outlines traced on the screen. 
After preparation of the ultrasound imaging 
catheter the Perspex carriage supporting the 
artery specimen was placed in a small jig. The 
jig includes a water bath that was filled before 
addition of the carriage. A stainless steel screw 
mechanism enables the artery carriage to be 
raised or lowered precisely. The ultrasound 
imaging catheter was then placed into the water 
bath, passing through a small hole in the top of 
the artery carriage, down through the lumen of 
the artery, and through another smal! hole in 
the bottom of the carriage to finish with the tip 
just touching the bottom of the water bath (fig 
3). The imaging catheter was supported so that 
it formed a smooth curve on its way to connect 
with the drive motor. For ease of manipulation 
the guide wire was omitted during this study 


EXPERIMENTAL PROTOCOL 

The Perspex carriage supporting the artery 
specimen was slowly raised until an ultrasound 
image of the top of the specimen was just 
visible. Starting 2mm from the top of each 
piece of artery, ultrasound images were taken at 
3 mm intervals. The images were recorded on 
video tape and the luminal area was traced 





Figure 3 Jig with specimen carriage in place and 
ultrasound imaging catheter passing through specomen 
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Difference between luminal area measured by the intravascular ultrasound 


system and that measured from photographs of vessel sections plotted against the mean of 
the two values. Fixed lines show the mean of the difference and 2 SD from this mean. 


IVUS — histological area (mm?) 


round by hand and measured by the Diasonics 
ultrasound machine, The image was orientated 
by placing a fine needle in front of the anterior 
wall of the artery before the first image. On 
completion of collection of the images the 
artery carriage was removed from the water 
bath. A fine line was drawn down the anterior 
wall of the artery with indelible ink and the 
upper end of the specimen was marked. The 
sutures were removed. The artery was then 
transferred to a shaped cutting block that 
supported the tissue while a multibladed cutter 
sliced it at levels that corresponded to the 
ultrasound images. The 3 mm segments that 
corresponded to each ultrasound image were 
photographed with the cut surface correspond- 
ing to the ultrasound image uppermost, with a 
small plastic block of known size for calibra- 
tion. The area of the lumen was measured from 
the photographs with a digitising tablet and 
Apple Macintosh SE computer. Each specimen 
was then embedded in paraffin wax and his- 
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Figure 5 Difference between luminal area measured by the intravascular ultrasound 
system and that measured by microscopy of vessel sections plotted against the mean of the 
two values. Fixed lines show the mean of the difference and 2 SD from this mean. 
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tological sections were made that corresponded 
to the ultrasound images. The histological 
slides were examined through an AMS quan- 
tifying microscope with video planimetry to 
measure the luminal area. On inspection the 
section was divided into four quadrants—from 
45° to 135°, 135° to 225°, 225° to 315°, and from 
315° to 45°. The presence or absence of ath- 
eroma and calcification was recorded for each 
segment by an independent observer. With the 
images recorded on videotape a similar 
procedure by another investigator was repeated 
for the ultrasound images by comparing each 
quadrant with adjacent quadrants and also 
adjacent segments. The luminal areas and 
qualitative judgements on the presence or 
absence of atheroma in the ultrasound, 
photographic, and histological images were 
compared. 

For calibration two sections of polyethylene 
tube of known size (4-1 and 5-4 mm internal 
diameter) were placed on the artery carriage 
and their lumens were imaged and measured. 
The measurement was repeated five times for 
each tube. 


STATISTICAL ANALYSIS 

The measurements of luminal area taken from 
each method were compared with the method 
of limits of agreement’ to assess measurement 
bias and confidence intervals. The presence or 
absence of atheroma on histological examina- 
tion was used to assess the sensitivity and 
specificity of the observations made from the 
ultrasound images. 

A probability value of p < 0-05 was con- 
sidered statistically significant and confidence 
intervals were calculated as mean (2 SD) with 
75 degrees of freedom. 


Results 

Figure 4 shows the results of a comparison of 
area of the vessel lumen measured by 
ultrasound and by photography of the vessel 
sections. Values of the area measured by 
ultrasound were on average 9-39 mm?’ larger 
than the same area measured from photographs 
of the vessel slices (confidence intervals (CI) for 
an individual ultrasound area measurement 
was 2:10-16-7 mm? > photographic area, CI 
for the mean difference was 8-6-10:2 mm’). A 
similar pattern was noted when measurements 
of area by ultrasound were compared with 
those made by the AMS quantifying micro- 
scope (fig 5). The ultrasound area was on 
average 10-7 mm? greater than that measured 
histologically (CI for an individual ultrasound 
area 3-2-18-2 mm’ > histological area, CI for 
the mean difference 9-8—11-6 mm’). By contrast 
(fig 6) there was close agreement between the 
histological and photographic techniques 
(mean difference — 1-3 mm’, Cl ofan individual 
histological area measurement —43 to 
+16 mm’ compared with the photographic 
area, CI for the mean difference —1-6 to 
— 0-97 mm’). The overestimation of area of the 
lumen by the intravascular ultrasound system 
in relation to the other two techniques was 
statistically and clinically significant. The wide 
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Figure 6 Difference between luminal area measured by microscopy of vessel sections and 
that measured from photographs (optical) of the sections plotted against the mean of the 
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CI for luminal area measurements made with 
the ultrasound system also reduces its value. 
Interestingly the intravascular ultrasound sys- 
tem showed a much reduced bias when measur- 
ing the lumen of polyethylene tubes of known 
diameter (fig 7). Areas measured by ultrasound 
were only 2:14 mm’ greater than the actual area 
calculated from the mean of the two diameters 
measured by micrometer (CI for an individual 
measurement 0:22-4:06 mm’, CI for the mean 
difference 1:53-2:75 mm’). Eccentric position- 
ing of the ultrasound imaging catheter within 
the polyethylene tube had little effect on the 
measured values. 

The presence or absence of atheroma detec- 
ted by ultrasound and histological examina- 
tions was compared. Overall 36% of the 304 
quadrants studies had identifiable atheroma on 
histological examination. Ultrasound sen- 
sitivity was 0-593 and the specificity was 0-839. 
The positive predictive value was 0-674, and 
the relative risk 3-139. 
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Figure 7 Difference between luminal area measured by the intravascular ultrasound 
system and the measured diameter of polyethylene tubes plotted against the mean of the 
two values. Fixed lines show the mean of the difference and 2 SD from this mean. 


Discussion 

The development of transcoronary treatments 
such as angioplasty, atherectomy, rotary abla- 
tion, and stent placement has led to a growth of 
interest in the internal morphology of the 
coronary arteries. The precise morphology of 
atheroma and its constitution may be important 
factors in determining the initial success rate of 
stenosis after these procedures.” Interpretation 
of coronary <éngiography is subjective and a 
poor correlation between angiographic and 
post mortem pathological findings has been 
shown.’® Interest has centred on whether 
intravascular ultrasound can offer more 
accurate information on size of the lumen and 
atheroma morphology. Some studies have 
provided conflicting answers to this question. 

With a 25 MHz catheter Potkin and 
colleagues’ studied fixed and unfixed specimens 
of coronary artery and compared the huminal 
areas with those measured after histological 
fixation. They found a correlation coefficient 
r= 0-85 (luminal area by ultrasound 
= 1-13 x lumenal area by histology ~ 0-58). 
Mean luminal area was 265 mm”. Gussen- 
hoven et al” used a 40 MHz catheter to study 
peripheral arteries before histological fixation 
and sectioning. Ultrasound measurements 
correlated closely with histological measure- 
ments (r = 0-847) but the gradient of the 
relation diverged considerably from unity 
(ultrasound = 0-587 x histology +118) 
Mean luminal area was 25 mm’. 

Similarly variable results have been reported 
for the comparison of ultrasound luminal areas 
with those derived from angiography. David- 
son et al” reported a high degree of correlation 
(r = 0-95) between luminal areas derived from 
ultrasound and digital subtraction angiograms 
in peripheral vessels, and another study re- 
ported good results (r = 0-80) in the coronary 
vessels although the luminal areas measured by 
ultrasound were on average 35% larger than 
those derived by angiography.” Tobis er al” 
reported a correlation coefficient of only 
0-26 between ultrasound and angiographic 
measurements of the lumen in areas of vessels 
apparently normal by angiography. 

The results of our study show a poor level of 
agreement between ultrasound measurements 
and cross sectional areas measured from scaled 
photographs and histological specimens. By 
contrast the photographic and histological 
measurements show close agreement, The 
measurements made by the photographic tech- 
nique were individually calibrated reducing the 
risk of significant error. The only processing 
performed between ultrasound imaging and 
photographic measurements was sectioning of 
the specimens, Distortion of the specimens 
after sectioning was not seen reflecting the firm 
texture of the vessel after pressure fixation. The 
small difference between the areas measured 
from photographs and those taken from his- 
tological sections is probably due to shrinkage 
occurring during histological processing of the 
specimens. 

The intravascular ultrasound system was 
calibrated with polyethylene tubing of known 
internal diameter. Ultrasound luminal area 
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Figure8 Typical 
intravascular ultrasound 
image. The dark central 
shadow ( A) is surrounded 
by a bright pericatheter 
halo. More distant vessel 
wall structure is clearly 
seen (C) but the exact 
boundary between lumen 
and intima ts impossible to 
identify (B). 





only slightly overestimated measured area with 
a difference in mean (CI) of 2-14 (1-53- 
2-75) mm’. Axial tilting of the catheter within 
the artery specimen could account for a small 
overesumate of area. The length (2 cm) of our 
arterial specimens, however, and the close 
support provided for the imaging catheter by 
the imaging jig make this explanation unlikely. 
Another possible explanation for the dis- 
crepancy in measurements of area of the lumen 
is the use of saline rather than blood in the 
immersion bath. Moriuchi et al have con- 
sidered this question in detail. They showed a 
small (6%) increase in cross sectional area of 
measurements performed in saline rather than 
blood. Whereas this would not account for the 
large discrepancy in our measurements of 
ultrasound area made in coronary vessels it 
might account for the overestimation (roughly 
10%) of the area of the polyethylene tubes by 
the intravascular ultrasound system. Other 
groups have also shown that the use of saline in 
the specimen bath is unlikely to be a major 
source of error in measurement of luminal 
area.” 

There appears to be a fundamental difference 
in the error in measurement of luminal area 
when the intravascular ultrasound system is 
used in coronary arteries compared with 
polyethylene tubes. During interpretation of 
the coronary artery ultrasound images great 
difficulty was often encountered in finding the 
precise location of the boundary between the 
lumen and the intima, and the boundary was 
sometimes obscured by the near field ring 
shadows originating from the catheter itself 
(fig 8). It is likely that poor definition of this 
boundary and hence overestimation of the area 
of the vessel lumen explains the large bias 
noted. In the polyethylene tubes a very sharp 
image of the boundary between lumen and 
tubing was produced with more accurate 
measurement of luminal area. 

Our original intention was to grade the 
appearance of the ultrasound images as 
previously defined.* On the basis of peripheral 
vascular studies bright echoes with shadows 
behind indicate calcium deposits, bright echoes 
alone indicate collagen rich fibrous tissue, soft 
echoes indicate fibromuscular tissue, intimal 
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proliferation, and diffuse lipid, whereas hypo- 
echoic areas indicate significant pooling of lipid. 
Unfortunately the quality of the images that we 
obtained was not consistently good enough to 
make a classification. In view of this difficulty we 
compared each ultrasound and histological 
image quadrant by quadrant for the presence or 
absence of atheroma (each scored by an 
independent observer). Atheroma was defined 
on the ultrasound images as thickening of the 
vessel wall associated with one or more of the 
appearances defined above. Histological defini- 
tion of atheroma excluded simple intimal thick- 
ening. Histological examination showed ath- 
eroma in 36% of the 304 quadrants examined. 

Not surprisingly in view of the difficulty with 
identification of the luminal border and sub- 
structure of the vessel wall, sensitivity of the 
ultrasound technique for atheroma was low 
(0-593), although with somewhat better 
specificity (0-839). 

Despite numerous reports indicating that 
intravascular ultrasound is a more sensitive 
detector of atheroma within the coronary 
arteries than angiography," there have been 
no formal studies comparing its sensitivity with 
histological examination of the vessel. Those 
studies that have shown excellent correlation 
have used peripheral arteries with larger 
lumens and thicker walls.*'’ These peripheral 
vessels tend to produce superior ultrasound 
images. 


POSSIBLE EXPLANATIONS OF THE DISCREPANCY 
BETWEEN THE ULTRASOUND AND HISTOLOGICAL 
DATA 

The primary factor limiting the accuracy of 
measurement of luminal area and identification 
of atheroma in this study seems to be the 
quality of the ultrasound image and failure to 
idenufy the interface betwen lumen and intima. 
When a clear interface occurred as in the 
polyethylene tubes the system appears to 
measure the luminal area accurately. Several 
factors could be responsible for the reduced 
quality of image. 

Single transducer catheters such as the one in 
this study use a rotating drive shaft to turn the 
transducer itself (as in this catheter) or an 
ultrasound mirror to reflect the signal from a 
fixed transducer. Both types of catheter are 
subject to non-uniform rotational distortion 
due to the limited torsional rigidity of the drive 
shaft.'* In other words the tip of the drive shaft 
may lag behind the motor drive unit by angles 
of up to 40° depending on angle of the catheter 
and speed of rotation. This lag may vary during 
the course of each rotation due to the “‘slip and 
stick” phenomenon and this in turn can 
produce apparent compression or expansion of 
segments of the artery wall. The 4-8 F catheter 
in this study is one of the smallest catheters 
used for such imaging studies and may be more 
prone to lack of torsional rigidity in the drive 
shaft for this reason. Such problems could 
account for some of the variability in 
measurements of the luminal area and dis- 
crepancies in the localisation of atheroma. 

One feature of the images produced by this 
catheter was the pericatheter near field effect 


that often obscured the exact junction between 
the lumen and the intima when the catheter was 
positioned close to the vessel wall (fig 8). This 
effect may be less troublesome in catheters with 
a rotating mirror rather than a rotating trans- 
ducer. In this type of catheter the near field of 
the transducer falls partly or wholly within the 
distance between the transducer and the mirror 
and therefore is not apparent on the processed 
image of the vessel wall.’ The 4-8 F catheter 
used in this study must have its tip filled with 
sterile water before use and the inclusion of air 
bubbles at this stage can cause degradation of 
the image. The catheter tip was, however, 
carefully filled in accordance with the manufac- 
turer’s instructions and there was no evidence 
of bubble artefact on the images produced. 

The small size of this catheter may con- 
tribute to the difficulty of getting a clear image. 
As catheter size is reduced, the aperture of the 
transducer element is also reduced accentuat- 
ing lateral resolution artefacts.” This may 
produce a smearing of the image particularly at 
interfaces between atheromatous plaques and 
the normal arterial wall. 

It is important to consider whether the 
formalin pressure fixation technique used for 
the arterial specimens could alter the quality of 
the ultrasound images and thus account for 
some of the difficulties we found. It is known 
that formalin fixation can increase the strength 
of the reflected ultrasound signal.” Tobis et al” 
however, showed only a small change in 
luminal area measured by ultrasound after 
formalin fixation and made no comment concer- 
ning any change in the appearance of the vessel. 
Also the pressure fixation technique may have 
some benefits. There has been much discussion 
about the three layered appearance of intravas- 
cular ultrasound images of muscular arteries 
that has been noted by some authors*” but not 
by others.** Such differences may reflect 
differences in preparation of the specimens. 
The appearance of an inner ring on intravas- 
cular ultrasound images is exaggerated in non- 
pressure fixed specimens. This may be due to 
contraction and corrugation of the internal 
elastic lamina.” The technique of pressure 
fixation that we have used is, we think, most 
likely to retain the morphology and qualitative 
ultrasound features of the artery specimens 
when compared with in vivo arteries. 

Although 20 MHz single transducer probes 
can produce excellent images in the peripheral 
vessels the results of our study would suggest 
that further improvements in catheter design 
are required to get clinically useful images of 
the coronary arteries. A number of approaches 
may improve the quality of the images from 
such catheters. A higher ultrasound frequency 
enables improved resolution albeit with some 
loss of penetration. Increasingly, images sys- 
tems for coronary imaging catheters use 
ultrasound frequencies in the 30-50 MHz 
range. The use of an array of ultrasound 
crystals in place of a single crystal offers an 
alternative means of improving image quality. 
Computer processing of the image may enable 
the effective focal length of such a transducer to 
be varied. 

In conclusion the intravascular ultrasound 
system evaluated in our study lacks the ability 
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to produce accurate information on the dimen- 
sions and morphology of medium sized coron- 
ary arteries although the system is reported to 
produce excellent images of larger peripheral 
arteries. Further technical developents are 
required before this system can produce useful 
images of the coronary arteries in vivo. 


We are grateful to Diasonica UK for the loan of the ultrasound 
machine and to the Medical Physics department at St George’s 
Hospital for their assistance with construction of the specimen 
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Lower threshold for adenosine-induced chest pain 
in patients with angina and normal coronary 


angiograms 


Bo Lagerqvist, Christer Sylvén, Anders Waldenström 


Abstract 

Objective—To investigate whether 
patients with angina-like ‘chest pain and 
normal coronary angiograms are more 
sensitive to adenosine as an inducer of 
chest pain. 

Design—Increasing doses of adenosine 
were given in a single blind study as 
intravenous bolus injections. Chest pain 
and the electrocardiographic findings 
were noted. ` 

Patients—-Eight patients with angina- 
like chest pain but no coronary stenoses 
(group A), nine patients with angina and 
coronary stenoses (group B), and 16 
healthy volunteers (group C). 

Results—In the absence of ischaemic 
signs on the electrocardiogram aden- 
osine provoked angina-like pain in all 
patients in groups A and B. The pain was 
located in the chest, and its quality and 
location were described as being no 
different from the patient’s habitual 
angina. In group C, 14 of 16 subjects 
reported chest pain. The lowest dose 
resulting in chest pain was lower in 
group A (0-9 (0°6) mg) than in group B 
(31 (1:5) mg) (p < 0-005) and in group C 
(6:2 (3-7) mg) (p < 0005). The maximum 
tolerable dose was lower in group A (4-7 
(2:1) mg) than in group B (92 (3:8) mg) 
(p < 0°05) and in group C (12-0 (4-1) mg) 
(p < 0-005). 

Conclusions—Patients with angina- 
like chest pain and normal coronary 
angiograms have a low pain threshold 
and low tolerance to pain induced by 
adenosine. 


(Br Heart J 1992;68:282-5) 


Despite studies on many patients with angina- 
like pain and normal coronary angiograms, the 
mechanisms of the syndrome are unclear. ™* 
The causes may be multifactorial and a 
decreased capacity to dilate the coronary 
arteries and to increase coronary blood flow in 
response to pharmacological provocation with 
dipyridamole or rapid atrial pacing has been 
suggested.>® A lower threshold and tolerance 
to both ischaemic pain and electrical skin 
stimulation on the forearm have been reported 
in women with syndrome X.” 

The links between myocardial ischaemia 
and chest pains are not, completely clear 
though adenosine was proposed by Sylven er 
al to be a metabolic messenger.’ Adenosine 


given intravenously or directly into a coronary 
artery induced angina-like pains without the 
electrocardiographic (ECG) signs of ischaemia 
both in patients with ischaemic heart disease 
in healthy volunteers.’'°"' Patients with pre- 
dominantly silent ischaemia tolerate higher 
doses of adenosine than patients with pre- 
dominantly painful ischaemia.’ 

When dipyridamole is given to patients 
with ischaemic heart disease for the study of 
thallium-201 scinitigraphy or echocardio- 
graphy, chest pains are reported by up to 40% 
of the patients. When dipyridamole was given 
to patients with angina pectoris and normal 
coronary angiograms 68-95% of the patients 
reported chest pains.??'* Dipyridamole has 
several mechanisms of action and an import- 
ant one is an increased extracellular concen- 
tration of adenosine caused by the inhibition 
of the cellular uptake of adenosine.” 

Because this suggested a role for adenosine 
we studied whether patients with angina-like 
pains and angiographically normal coronary 
arteries have a lower tolerance to adenosine as 
a pain inducer. 


Patients and methods 

PATIENTS 

Group A comprised eight patients (three 
male) with typical effort related angina but 
without any stenosis on the coronary angio- 
grams. Their mean (SD) age was 56 (13) years 
and mean (SD) weight 68 (7) kg. All had 
localised perfusion defects on thallium-201 
myocardial scintigraphy at exercise with 
reversibility at rest. All these perfusion 
defects had primarily been interpreted as 
being of the “ischaemic type”. Five of the 
eight patients had horizontal or down sloping 
ST segment depression of at least 0-1 mV and 
chest pains on an ergometer exercise stress 
test: the rest had only chest pain without any 
ST depression. All patients had previously 
been paced to pain (mean frequency 154 (22) 
beats/min) and three of the eight had signs of 
myocardial lactate production with a higher 
lactate concentration in coronary sinus blood 
than in arterial blood. Five of the patients 
were classified as functional group III and 
three as functional group II according to the 
New York Heart Association (NYHA) classi- 
fication. No-one in group A had a previous 
history of myocardial infarction, hyper- 
tension, or diabetes. The results of left ven- 
tricular angiography and the echocardio- 
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graphy were classified as normal in all patients 
in group A. None of the patients showed any 
signs of coronary spasm during hyperventi- 
lation or a non-invasive ergometrine (ergon- 
ovine) test.'4 16 

Group B comprised nine patients (all men) 
with angina and coronary stenosis, (at least 
50% diameter reduction) on coronary angio- 
graphy. Three of them had one vessel disease, 
one had one vessel disease and main stem 
stenosis, two had two vessel disease, and three 
had three vessel disease. A previous myo- 
cardial infarction had been clinically diag- 
nosed in four of the patients. Four of them 
were treated for hypertension. All of the 
patients were classified as belonging to NYHA 
functional group III. Their mean age was 58 
(6) years and mean weight was 78 (8) kg. 

Group C was a control group of 16 healthy 
volunteers (six men) aged 43 (8) years and 
with a mean weight of 68 (11) kg. None of 
them had any history or symptoms suggesting 
heart disease. 

All antianginal medication was stopped and 
the subjects were told to abstain from 
xanthine-containing food and drinks for at 
least 12 hours before the experiment. No 
other premedication was given except 3g 
amoxycillin and 15 mg oxazepam to those who 
were catheterised to measure coronary sinus 
blood flow at the same time. 

The study was approved by the local ethics 
committee. The background and the pro- 
cedure were thoroughly explained to the 
subjects before consent was obtained. 


PROCEDURE 

The sterile solution of adenosine (5-3 mg/ml, 
Janssen) was prepared by the hospital phar- 
macy. In a single blind manner adenosine or 
saline was injected rapidly as a bolus injection 
into an antebrachial vein. After each dose the 
vein was flushed with 5 ml saline. The initial 
dose was 2:5 mg adenosine. Based on the pain 
response the dose was increased or decreased in 
small steps in order to reach the “highest dose 
not giving pain” and the “lowest dose giving 
pain”, The adenosine dose was changed in a 
single blind manner in irregular steps and 
adenosine was alternated with injections of 
saline. The dose was thereafter increased step 
by step until the subject refused a further 
increase, ST depression was seen on the 
electrocardiogram, or an atrioventricular block 
II-III occurred. This dose was defined as the 
“maximum dose”. The dose intervals were 
lower for low doses and higher when higher 
doses were given. Doses of adenosine between 
0-1 and 15 mg were given. The next dose was 
given 3-5 minutes after the disappearance of 
pain or other symptoms caused by the previous 
dose. 

At the onset of pain the patient raised his or 
her left hand, when the maximum pain began to 
subside the hand was lowered half way, and 
when the pains had disappeared the hand was 
lowered to the supine position. These time 
points were noted on the online recording of 
the electrocardiogram (V1-V6) (25 mm/s). 
The magnitude of maximal pain was rated 
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according to a category-ratio scale designed to 
quantify perceptual intensities, the Borg 
CR-10 scale.” The patient was also asked to 
describe the location and the character of the 
pain, especially with respect to differences from 
and similarities to his/her experience of angina. 

In five patients in group A and five patients in 
group Ba coronary sinus flow catheter (Wilton- 
Webster, USA) was introduced via the right 
internal jugular vein into the coronary sinus 
under fluoroscopic control. The position was 
tested by injection of contrast medium. The 
coronary sinus blood flow was determined by 
the thermodilution technique.” 


STATISTICAL ANALYSIS 

Values are expressed as means (SD) unless 
otherwise stated. We used the Kruskal-Wallis 
test for analysis of variance, the Mann- 
Whitney U test for intergroup differences be- 
tween unpaired samples, and the Wilcoxon 
signed rank test to test for statistical hetero- 
geneity between paired samples. 


Results 
In the absence of ischaemic electrocardio- 
graphic signs injection of adenosine into a 
peripheral vein induced pain in all patients in 
groups A and B. The pain was mainly located in 
the chest and was described as being the same 
as the patient’s habitual angina in quality and 
location. In group C intravenous injection of 
adenosine resulted in chest pain in 14 of 16 
subjects. In two of the subjects the dose was not 
increased because an atrioventricular block 
occurred before any chest pain was noted. 
Table 1 and fig 1 summarise the pain reac- 
tions to adenosine injection. The highest dose 
not giving pains, the lowest dose giving pains, 
the maximum dose of adenosine were lower in 
group A than in group B and in group C. These 
differences were all statistically significant 
(p < 0-05) and the differences in threshold 
remained when differences in body weight were 
accounted for. The pain appeared earlier 
(p < 0-005) and lasted longer (p < 0-001) after 
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Figure 1 Lowest dose of adenosine provoking pain, 
highest dose not giving pain, and maximum dose when 
adenosine was injected intravenously in the different 
groups of patients. Analysis of the variance was by the 
Kruskal-Walls test and localisation of intergroup 
differences by the Mann-Whitney U test. 

* Different from the other two groups (p < 005); 
{different from group A (p < 0-05) 


degree of pam provoked 

according to the Borg 

CR-10 scale in groups A, 
and C. 


3 
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Table 1 Highest dose of adenosine not giving pains, lowest dose giving pains, maximum dose, degree of pain according 
to Borg CR-10 scale at maximum dose of adenosme, time from injection to start of pain, and duration of pam when 





adenosine was injected intravenously into the different groups of patients 





Analysis of 

Group A B Group C variance 

(n = 8) (n= 9) (n= 16) p value 
Highest dose not pains (m, o 6 (0 5)* 2-0 (1-2)* 5-4 (3 9)* <0 001 
Lowest dose ika ra p 09 (0. 310 5)* 6-2 (3 7)* <0 001 
Maximum dose (mg, 47 (2:1)* 9-2(38 12-0 (41 <0-001 
Pan degree at maximum dose (Borg CR-10) 74 (15) 62(19, 45 (2:3 <001 
‘Time to pain at lowest dose giving pain (8) 20 (5) 22 (5) 20 (7) >0-2 
Pain duration at lowest dose giving pain (s) 18 (10) 18 (9) 19 (16) >02 
Tume to pam at maxımum dose giving pain (8) 18 (4) 18 f 16 (4) >02 
Pam duration at maximum dose giving pain (3) 31 (10) 30 (26) 29 (15) >02 

by Mann-Whimey U test. 


Analysis of the variance by Kruskal-Wallis test and localisanon of intergroup 
Different from the other two groups, p < 0 05; tdifferent from group A, p < 005. 


the maximum dose than after the lowest dose of 
adenosine. The degree of pain, according to the 
Borg CR-10 scale, was lower in group C than in 
group A (p < 0-05). Figure 2 highlights the 
relation between the maximum dose of 
adenosine given and the degree of the reported 
pain. 

Short periods of atrioventricular block II 
and III developed in 15 subjects (one in group 
A, three in group B, and 11 in group C) and a 
short sinus arrest/sinoatrial block was seen in 
one of the subjects (group B) after adenosine 
injection. The longest duration of block was 
5 8. The mean lowest dose of adenosine result- 
ing in block was 10-0 (4-3) mg. The mean time 
from the start of the injection to the beginning 
of the block was 15 (4) s, and this was not 
statistically different from the time of injection 
to onset of pain (16 (4) s) in these subjects. The 
uneven distribution of the appearance of 
atrioventricular blocks could not be taken as an 
indication of different electrophysiological 
response to adenosine in the three groups 
because the maximum doses differed between 
the groups. 

Table 2 shows the effect of adenosine on 
coronary sinus blood flow. There was no statis- 
tically significant difference between groups A 
and B in terms of the beginning of the increase 
in coronary sinus blood flow or in the time from 
injection to flow increase or from injection to 
maximum flow. Nor was there any difference in 


Group A 
Group B 


Group C 


Pain intensity (CR-10 scale) 
a 





Adenosine (mg) 


the increase of flow between the lowest dose 
giving pain and the maximum dose. 

When the results for all the subjects were 
analysed together we found that the lowest dose 
giving pain resulted in a coronary sinus blood 
flow increase that came earlier (15 (4) s) than the 
pain (21 (4) s, p < 0-01). This also occurred 
when the maximum dose of adenosine was 
injected (15 (3)s and 18 (4)s, respectively, 
p < 0-01). 

Injection of saline did not result in any pain 
or increase in coronary sinus blood flow or lead 
to atrioventricular block in any of the patients. 


Discussion 

Both in the group with angina-like pains and 
normal coronary angiograms (group A) and in 
the group with ischaemic heart disease (group 
B) the pains induced by adenosine were des- 
cribed as being no different from the usual 
exercise induced chest pain. Group A was more 
sensitive to adenosine. This could be an expres- 
sion of a generally higher sensitivity to pain of 
different causes or specifically to pain evoked by 
adenosine. Turiel et al found a lower threshold 
and a lower tolerance both to ischaemic 
forearm pain and to electrical skin stimulation, 
but not to cold in women with syndrome X than 
in those with stable angina and coronary sten- 
oses.’ Another study of a group of patients with 
normal coronary angiograms found that des- 
pite a higher pain sensitivity in the right side of 
the heart to catheter manipulations the thre- 
shold for cutaneous pain stimulation by heat 
was higher than in a group of patients with 
ischaemic heart disease." 

In the myocardium adenosine is produced 
under normal conditions and acts as a local 
vasodilator.” During ischaemia its production 
is greatly enhanced and it is released in large 
quantities into the coronary circulation.” ” 
The difference between normal physiology and 
ischaemia is not qualitative but quantitative— 
with increasing energy expenditure increasing 
amounts of adenosine are released.” Our study 
implies an increased sensitivity also to 
endogenously produced adenosine. This could 
explain why patients with angina without 
coronary stenoses report pain in the absence of 
signs of ischaemia such as pathologically 
increased exertional diastolic pulmonary artery 


we? 


wr 
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Table 2 Effects of adenosine on coronary sinus blood flow (CSBF) in groups A and B 


Mrana 





Group A Group B 

(n= 5) {n= 5) 
Increase in CSBF, as % of baseline flow, maximum dose 202 (84 211 (94 
Time to CSBF increase at lowest dose giving pam (s) ries ay 
Time to CSBF maximum at lowest dose grving pain (s) 22 (2 27 (7) 
‘Time to CSBF increase at maximum dose of adenosine (s) 14 R 15 (5) 
Time to CSBF maximum at maximum dose of adenosine (s) 23 (3) 25 (5) 
ieee iin san annem aa ona 


pressure“ or such as hypokinesia during the 
dipyridamole echocardiography test.” It is not 
known whether or not myocardial ischaemia is 
the main cause of chest pains in this group of 
patients. The exercise induced chest pains in 
these patients are not necessarily caused by 
ischaemia. It is possible that this group of 
patients has, pain at adenosine concentrations 
that are lower than those caused by ischaemia, 
or that they have raised resting concentrations 
of adenosine that are nearer the threshold 
concentration for pain. 

This study does not exclude an extracardiac 
origin for the adenosine induced pain, but a 
cardiac origin is the most likely. In patients 
with ischaemic heart disease both intravenous 
and intracoronary bolus doses of adenosine 
result in the same kind of angina-like chest 
pains.” Chest pains were not produced when 
adenosine was given as an infusion into the 
right atrium at the same dose that provoked 
pain when given directly into a coronary 
artery.” Further evidence is provided by the 
fact that when adenosine was given intra- 
venously to patients with heart transplants the 
pain threshold was greatly increased.” 

The difference in sensitivity between the 
group with ischaemic heart disease and healthy 
volunteers has not been described before. This 
could reflect a true difference or it could be the 
result of the experimental design. Five patients 
in each of groups A and B were more inten- 
sively investigated with invasive monitoring of 
coronary sinus blood flow and these patients 
were also premedicated with oxazepam. It is 
possible that a subjective index such as pain 
could be influenced by a difference in experi- 
mental design such as this. However, this is 
unlikely because healthy volunteers investi- 
gated by coronary sinus catheterisation without 
premedication reported similar intensities of 
chest pain to those seen in group C after 
intravenous bolus doses of adenosine.” 
Another explanation could be that the patients 
in groups A and B were all selected because 
they had chest pain, whereas patients with 
silent angina may have been recruited from a 
separate subgroup. We do not know how many 
of the subjects in group C might have belonged 
to this subgroup. 

In conclusion, in both patient groups 
intravenous bolus doses of adenosine provoked 
chest pain that was no different from their 
habitual angina. Patients with normal coronary 
angiograms showed a lower tolerance than 
patients with coronary stenoses and healthy 
volunteers. These observations might add to 
the understanding of patients with angina-like 
pain but normal coronary angiograms. 


This study was supported by grants from the Swedish Heart 
and Lung Foundation and from Josef and Linnea Carlsson 
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Detection of myocardial ischaemia by 
transthoracic leads in ambulatory 
electrocardiographic monitoring 


Christian M Jespersen, Verner Rasmussen 


Abstract 

Objective—To determine the best sites 
for ambulatory monitoring leads to 
detect myocardial ischaemia. 

Patients—50 consecutive patients re- 
covering from myocardial infarction. 
Six patients were excluded because of 
unsatisfactory recordings or baseline 
electrocardiographic abnormalities that 
influenced the diagnostic accuracy of ST 
segment depression. In 38 patients 
important ST segment changes were 
seen before the study recordings. 

Main outcome measure—Repro- 
ducibility of detecting the electro- 
cardiographic ST segment changes with 
12 bipolar leads alone or in combination. 

Results—The highest reproducibility 
rate was found in infarcts involving both 
the anterior and inferior left ventricular 
walls (80%). The reproducibility de- 
creased as the extent of ventricular wall 
involvement decreased and was lowest in 
inferior infarcts (31%) (p < 0-001). For 
large infarcts the detection rate was 
almost equal for the 12 study leads, 
whereas disparity between leads in- 
creased as the infarct size decreased. The 
highest overall reproducibility was 
found in a transthoracic lead (V2, V9R) 
(76%). This lead was significantly better 
(p = 0-03) than lead CMS (50%). When 
the transthoracic lead was combined 
with an inferior lead, the reproducibility 
increased (82%) and was significantly 
better than the combination of CM5 and 
an inferior lead (58%) (p = 0-02). 

Conclusions—Extensive ischaemic elec- 
trocardiographic changes are better 
detected than smaller ones and anterior 
infarcts better than inferior. A trans- 
thoracic lead (V2, V9R) was significantly 
better than CMS both alone and when 
CMS and the transthoracic lead were 
combined with an inferior lead. 


(Br Heart J 1992;68°286-90) 


In an earlier paper’ we recommend a modified 
orthogonal y lead for detection of left ven- 
tricular inferior wall ischaemia and the CM5 
lead for detection of anterior wall ischaemia. 
Because the diagnosis of anterior ischaemia is 
normally based on six precordial leads, it may 
be that the CM5 lead does not reliably detect 
small areas of ischaemia in the left ventricle. 


To assess the optimal sites for ambulatory 
leads we compared 12 different bipolar leads in 
patients recovering from acute myocardial 
infarction. 


Patients and methods 

Fifty patients with enzymatically confirmed 
myocardial infarction were consecutively 
included in the study. We excluded patients 
with unstable myocardial diseases, arrhyth- 
mias, bundle branch block, electrocardio- 
graphic indications of ventricular hypertrophy 
or strain or both, and patients treated with 
antiarrhythmic drugs or digoxin because these 
characteristics interfere with the interpreta- 
tion of the electrocardiogram. The location of 
the infarct was identified by serial electro- 
cardiographic recordings, and the infarct loca- 
tion was classified according to the following 
criteria: changes in leads II, III, aVF as 
inferior; in VI—-V3 (V4) as septal; in V4-V6 as 
apical; in V6, I, and aVL as lateral; in VI-V6 
(I, aVL) as extensive; and when changes were 
seen in both inferior and anterior walls simul- 
taneously as combined. The type of infarction 
was classifed on the basis of the presence of 
abnormal Q waves. 

The recordings were carried out before dis- 
charge, when the patients were in a stable 
phase. A standard 12 lead electrocardiogram 
was recorded immediately before the study 
recordings and was used as a reference. 
Twelve bipolar leads were studied (table 1, 
fig 1). Four leads (1—4) were sagittally orien- 
tated, three (5-7) were placed on the anterior 
aspect of the thorax, three were oblique leads 
(8-10), one was transversely orientated (11), 
and one was a modified inferior lead (12). 
Leads 11, 12, and 2 corresponded to the 
orthogonal leads x, y, and z, respectively, and 
lead 7 corresponded to CM5. 

A segment of each lead comprising at least 
200 QRS complexes was stored on a TEAC 
R-71 tape recorder after amplification. The 
recordings were analysed by a signal averag- 
ing program (HIPEC HA 100). Fifty QRS 
complexes with a cross correlation factor that 
was greater than or equal to 0-95 were 
included in each lead. Low and high filter cut 
offs were set at 40 and 250 Hz, respectively. 
The averaged QRS complex of each lead was 
plotted out on a Sweet-p plotter. 

ST segment deflection was measured 80 ms 
after the J point and was considered to be 
significant (positive) if it was >0-1 mV. 
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Table 1 Position pean and positive electrodes in segment deflection was seen in the experimental 








the 12 experimental bipo electrocardiographic leads in 38 (86%). In six 

Naate P patients, two with a non-Q wave and four with 

electrode electrode a Q wave infarct, ST segment deflection had 

Sagittal leads: disappeared at the time of recording. Figure 2 

l y v2 shows the number of significant ST segment 

3 vo y deflections in the 12 study leads according to 

g i ai v9 Xiphoid process infarct location in patients with persisting ST 

s Madsen v2 segment deflections in the experimental 

i Manubrium y3 electrocardiographic leads. The two patients 

Oblique leads: abrium V5 with apical infarcts are not shown. In these 

8 VoR v2 patients, however, ST segment deflections were 

io R y seen in all study leads except in lead 12 in one 

rtd lead: ek patient. Figure 2 shows that the total number of 

inferir leid: v6 positive recordings varied with the location of 

12 Superior angle left Above the left iliac the infarct. Figure 3 shows overall frequency of 
scapula crest 


positive recordings according to location of the 
infarct. The detection rate for combined 
infarcts was significantly higher than for exten- 
STATISTICAL ANALYSIS: f sive (p = 0-04), lateral (p = 0-002), septal 
We used the y* test with a level of significance (p < 0-001), and inferior infarcts (p < 0 001). 
set at p < 0-05. The difference between The detection rate in patients with extensive 
proportions (DBP) and the 95% confidence infarcts was significantly higher than in patients 
interval (95% CI) were calculated by the CIA with septal (p < 0-001) and inferior infarcts 
Statistical package, BMJ, England, 1990. (p < 0:001) but not in patients with lateral 
infarcts. The detection rate in patients with 

lateral infarcts was significantly higher than in 

Results patients with septal (p = 0-02) and inferior 
Fifty consecutive patients with acute myo- infarcts (p = 0-008). No significant difference 
cardial infarction were enrolled in the study. was found between septal and inferior infarcts. 
Six patients were excluded because of bundle Figure 4 shows the overall detection rates of 
branch block(n = 3), atrial fibrillation(n = 1), the study leads. The rate was highest for lead 8 
prior enrolment (n = 1), and unsatisfactory (74%). Leads with a detection rate of 50% or 
recording (n = 1). The total study population less were significantly inferior to lead 8 (50%: 
thus consisted of 44 patients. The infarct was p = 0-03; DBP = 24%; 95% CI 3% to 45%). 
inferior in 12, septal in nine, anterior in two, In five leads (1, 2, 6, 8, and 9) the detection rate 
lateral in five, extensive in eight, and combined exceeded 60%. In all these leads, one electrode 
in eight patients. In 24 (55%) the infarct was a was located at the V2 or V3 position and all the 
non-Q-wave infarct. leads except one were sagittal or oblique leads. 
When the study recordings were made ST The overall detection rate in lead CM5 (lead 7) 
was 50% and detection rates in all leads with 
one electrode in the V5 position (3, 7, and 10) 
were 50% or less. The lowest overall detection 
rate (39%) was seen in the inferior lead (12). In 
patients with inferior infarcts lead 12 was better 
than CM5, but was surpassed by one sagittal 
(1) and one oblique lead (9) (fig 2). The combin- 
ation of leads 8 and 12 gave a detection rate 
(82%) that was better than all other combina- 
tions. When lead 7 (CM5) was combined with 
lead 12 the rate was 58%, which was significan- 
B tly less than leads 8 and 12 combination (p = 
0:02; DBP = 24%; 95% CI 8% to 44%). 

When combined with lead 12, six other leads 

Anterior (1, 2, 4, 5, 6, and 9) detected more ST segment 
deflections than the lead 7 and 12 combination, 
but the differences were not statistically sig- 
nificant. Table 2 shows different combinations 
of leads 7, 8, and 12 according to small (inferior, 
septal, lateral) and large infarcts (apical, exten- 
sive, combined). For small infarcts the combin- 
ation of leads 8 and 12 was better than the 7 and 
12 combination (p = 0-06; DBP 29%; 95% CI 
—0% to 57%). In large infarcts, lead 8 missed 
only one ST segment deflection (fig 2), and no 
c D other lead increased the detection rate when 
combined with lead 8. Lead 7 detected 12 


Figure 1 Spatial orientation of twelve study leads. (A) sagittal leads (1 to 4 0 . ; ; ; 
pikih Ps TB) chest leads § to 7 from centre to lateral); (G) obli oes out of 17 possible pares pera 
leads (8 to 10 oraniocaudal direction); and (D) orthogonal x and y leads. LL, left ikac Wi arge infarcts. When ead ¢ was combine 
crest; LS, left scapula; M, manubrium; Xi, xiphoid process. with lead 12 the detection rate increased to 
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Figure 2. Number of 
positroe recordings in 12 
experimental leads 
according to wifarct 
location. 
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76%, which was not significant different from 
the lead 8 and 12 combination. 

All combinations detected large infarcts bet- 
ter than small ones. For small infarcts the 8 and 
12 combination was best, detecting 71% of 
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Figure 3 Frequency of significant ST segment deviations 
in experimental leads according to location of infarct. 


small infarcts and 94% of large ones (p = 0-07; 
DBP 0:22; 95% CI 0-00 to 0-11). When the 7 
and 12 combination was used 71% of large and 
43% of small infarcts were detected (p = 0-04; 
DBP 0:34; 95% CI 0-04 to 0-63). 

In four patients no significant ST segment 
changes were seen in the electrocardiogram 
immediately before the study recordings. In 
one of these patients study leads 1, 2, 8, 9 
showed a significant displacement. In two 
patients with serial electrocardiographically 
verified inferior Q wave infarcts no ST segment 
changes were seen in the inferior leads in the 
standard electrocardiogram. In these patients 
persistent significant ST segment depression 
was seen in leads V1-V3 and significant changes 
were found in study leads 1 and 8 and 1, 2, 4, 5, 
7, 8, 9, and 11 respectively. 


Discussion 

In the present study we used the 12 lead 
electrocardiogram as a reference for the 
reproducibility of static postinfarction ST seg- 
ment changes in 12 experimental leads. As 
might be expected no single lead reproduced all 
the changes in configuration shown by a full 
standard 12 lead electrocardiogram. We found 
that the reproducibility of regional ST segment 
changes increased, irrespective of the chosen 
lead, with increasing myocardial mass 
involved. The detection rate was highest in 
infarcts involving both the anterior and inferior 
left ventricular walls. It decreased as the extent 
of anterior free wall involvement decreased and 
was lowest in inferior infarcts. The importance 
of infarct extension is apparent in fig 2. For 
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Figure 4 Detection rate (%) of ST segment deviation 
wn 12 experimental leads. Leads are defined in table 1. 
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Detection of myocardial ischaemia by transthoracic leads in ambulatory electrocardiographic monitoring 


Tabe z Number g nimas S T sagment deviation twas 
recorded in three selected experimental leads alone or in 
binat 








Second lead 
Main lead 8 7 12 
All incarcta: 
(a = 38) 
8 28 29 31* 
7 19 22* 
12 15 
Small infarcts: 
m = 21) 
8 12 13 15t 
7 7 
12 
(n = 17) 
8 16 16 16 
7 12 i 
12 9 





For definition of infarcts see text. 
*p = 002; tp = 0 06, NS. 


large infarcts the detection rate was almost 
equal in the 12 study leads, whereas an 
increased disparity was seen as the infarct size 
decreased. These results accord with earlier 
studies. In patients with previous myocardial 
infarction Castellanet et al found a significantly 
lower detection rate for residual inferior 
ischsemia compared with residual anterior 
ischaemia.” Fox et al found that the number of 
leads reflecting myocardial ischaemia increased 
with the extent and severity of the ischaemia.’ 

Because oblique and sagittal leads “look” 
through the heart, and chest leads mainly scan 
the anterior aspects of the heart, oblique and 
sagittal leads might be better at detecting 
ischaemia in deeply located myocardial struc- 
tures. These statements accord with the 
present study. We found that an oblique lead 
with one electrode in the V2 position (lead 8) 
had the highest detection rate, and was more 
successful than any other lead in patients with 
combined, extensive, apical, lateral, and 
inferior infarcts. In ambulatory monitoring 
CM5 (lead 7) is usually chosen for detection of 
anterior ischaemia. In the present study, 
however, many other leads were better than 
CM5 in patients with combined, extensive, and 
septal infarcts, and only in patients with apical 
or lateral infarcts did CM5 reliably detect ST 
segment deviations. Compared with other 
chest leads, only those with a more medially 
placed electrode were better than CM5. Chest 
leads had low detection rates in patients with 
inferior infarcts. The inferior lead (12) had a 
low detection rate in these patients too, detect- 
ing less than 50% of the ST segment changes: 
only sagittal and oblique leads with one elec- 
trode in the V2 position (leads 1 and 8) had a 
detection rate 250% in patients with inferior 
infarcts. 

For ambulatory monitoring two bipolar 
leads are usually available. Because the com- 
bination of CM5 and an inferior like lead is 
often used in ambulatory monitoring, we com- 
pared the 7, and 12 combination with all other 
possible combinations. In the total cohort with 
persistent ST segment deflections the detection 
rate of this 7 and 12 combination was exceeded 
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by seven other combinations all of which 
included the inferior lead (12) and particularly 
by the combination of leads 8 and 12, which 
was significantly better. The main differences 
were found primarily in patients with small 
infarcts, in whom the 8 and 12 combination was 
better (p = 0-06) than the CM5 and inferior 
lead combination. Differences in detection rates 
for large infarcts between the different leads 
were small and little extra information was 
added when two leads were combined. 

Our results would be taken to show that two 
lead ambulatory monitoring primarily detects 
extensive myocardial ischaemia and is less 
reliable in detecting ischaemia involving 
smaller segments. This statement accords with 
the results obtained in patients with dynamic 
ST segment changes. In patients recovering 
from acute myocardial infarction and in 
patients with stable coronary artery disease, 
exercise testing with a simultaneous 12 lead 
electrocardiogram detects significantly more 
ST segment deviations than does two lead 
ambulatory monitoring.“ A positive 
ambulatory monitoring test, however, identi- 
fied patients with more extensive electro- 
cardiographic evidence of exercise induced 
ischaemia,” and was significantly correlated 
with mortality, reinfarction, and cardiac 
events.*'° Ambulatory ST segment deflections 
were primarily seen in patients who also had 
exercise induced ST segment changes,’ and 
Holter monitoring did not add much informa- 
tion on the prevalence of ischaemia in patients 
with a sufficiently vigorous exercise test. In 
patients with exercise provoked ischaemia, 
however, ST segment deflections during 
ambulatory monitoring identified patients at an 
increased risk of subsequent cardiac events,*? 
probably because they had extensive 
ischaemia. Before percutaneous transluminal 
coronary angioplasty in patients with single 
vessel coronary disease, ambulatory monitor- 
ing showed ST segment deviations in 63% of 
patients; 84% of the deviations were seen in 
CM5." During percutaneous transluminal 
coronary angioplasty the detection rate was 
100% whatever the site of the stenosis. 

In four patients no significant ST segment 
deviations were found in the standard electro- 
cardiogram. In one of them, two sagittal and 
two obliqueleads showed significant deflections, 
but too few patients were studied for specificity 
to be calculated. 

In ambulatory monitoring, extensive 
ischaemic electrocardiographic changes are 
better detected than smaller ones, and anterior 
changes better than inferior. No single lead or 
any combination of two leads fully displayed 
the information given by a standard electro- 
cardiogram. CM5 primarily detected 
ischaemic changes in the lateral aspects of the 
left ventricle, whereas septal and inferior chan- 
ges were partly missed. An oblique bipolar lead 
was significantly better than CM5, especially in 
small infarcts. When the oblique lead was 
combined with an inferior lead the overall 
detection rate increased and was significantly 
better than the combination of CM5 and the 
inferior lead. 
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ere is now a monitoring system 
which incorporates the latest in 
advanced technology, and yet is 
still very easy to use. 


lt features multiple micro- 
processors, open system 
architecture, parallel processing, 
custom designed chips, digital 
networking, surface mounted 
components, industry standard 
Ethernet compatibility, multilayered 
boards, 32 bit video chip, very high 
resolution programmable screen, 
infra-red remote control and instant 
communications with a multi- 
channel colour central station. 


The name of this system? 


The new Athena NT 
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anatomy isn't always easy. 
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Optimal control of myocardial ischaemia: the 
benefit of a fixed combination of atenolol and 
nifedipine in patients with chronic stable angina 


Hassan El-Tamimi, Graham J Davies 


Abstract 

Objective—To study the effects on 
myocardial ischaemia of 50 mg of aten- 
olol, 20 mg of slow release nifedipine, 
and their fixed combination given 12 


hourly. 
Design—A treadmill exercise test and 
24 hour ambulatory electrocardio- 


graphic monitoring were carried out 
after a period of five days off treatment 
(control) and at the end of three weeks of 
each treatment period. 

Patients—23 patients with stable 
angina pectoris, documented coronary 
artery disease, and a positive exercise 
test were randomised in a double blind, 
three way, cross over study. 

Results—Compared with the control, 
nifedipine significantly induced an 
increase in resting heart rate of 
(mean (SEM)) 14 (2) beats/min whereas 
atenolol and the combination signifi- 
cantly reduced it by 24 (2) and 20 (1) 
beats/min respectively. The number of 
exercise tests rendered negative after 
each intervention was five for nifedipine, 
nine for atenolol, and 11 for the 
combination. Compared with the control 
the time to the start of myocardial 
ischaemia (1 mm ST segment depres- 
sion) during exercise significantly 
increased by 32 (06) min after 
nifedipine, by 4'6 (04) min after atenolol, 
and by 4'6 (0°5) min after the combina- 
tion; rate-pressure product (beats/min. 
mm Hg) at 1 mm ST segment depression 
increased by 2824 (970) after nifedipine 
but fell by 4436 (900) and 4501 (719) after 
atenolol and the combination. The 
weekly frequency of angina was reduced 
from a mean of five while taking 
nifedipine, to three while taking atenolol, 
and to two while taking the combination. 
The total ischaemic time during 
ambulatory monitoring was significantly 
reduced from 69 (17) min during control 
to 37°5 (98) min during nifedipine, to 
15-6 (5:5) min during atenolol, and to 6°5 
(2-7) min during the combination. 

Conclusion—The undesirable effect of a 
high basal heart rate induced by 
nifedipine was neutralised by its 
combination with atenolol. Whereas 
atenolol and the combination were 
equally efficacious in controlling exercise 


induced ischaemia, the combination was 
more effective in reducing total 
ischaemic burden. 


(Br Heart J 19923;68:291-5) 


In most patients with chronic stable angina, 
both an increase in myocardial oxygen con- 
sumption and a decrease in myocardial blood 
flow contribute to the development of 
ischaemia, whether symptoms occur at rest or 
during exercise.'? 8 Blockers relieve ischaemia 
primarily by decreasing myocardial oxygen 
demand, and calcium channel blockers do so 
by improving myocardial oxygen supply. By 
acting on these different determinants of 
myocardial ischaemia, the combination of 
both drugs could provide better control of 
myocardial ischaemia. 

We have investigated the anti-ischaemic 
effects of a calcium antagonist (nifedipine) and 
a B blocker (atenolol) singly and in a fixed 
combination on symptoms, and exercise 
induced and ambulatory ischaemia. 


Patients and methods 

Thirty patients were enrolled, but only 23 
completed the study: 19 men and four women, 
aged 40 to 72 (mean 56-2) years, who had stable 
exertional angina of eight to 156 months dura- 
tion (mean 56-2). The other seven patients were 
excluded at the end of the run in period because 
of a negative exercise test and were not 
included in the analysis. All patients had 
positive exercise tests for myocardial ischaemia 
(>1 mm horizontal or downsloping ST seg- 
ment depression, measured 60 ms after the J 
point) and documented coronary artery disease 
(five patients with one vessel, 11 patients with 
two vessel and seven patients with three vessel 
disease). There had been no change in the 
frequency, duration, or severity of their angina 
in the three months before the study. Four 
patients had suffered a previous Q wave 
myocardial infarction (> six months) before 
the study. All patients had normal blood 
pressure, were in sinus rhythm, and had no 
evidence of heart failure, cardiomyopathy, or 
valvar heart disease. No patient had evidence of 
left ventricular hypertrophy or conduction 
defects on the electrocardiogram, which could 
have interfered with the interpretation of ST 
segment changes, and no patient was taking 
digitalis. 
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STUDY PROTOCOL 


The protocol was approved by the 
Hammersmith Hospital research ethics com- 
mittee and all patients gave fully informed 
written consent for the study. All patients had 
already undergone at least two diagnostic 
treadmill exercise tests. Anti-anginal treatment 
was discontinued for five days before the study, 
but patients were free to use sublingual glyceryl 
trinitrate as required; no exercise test was 
performed within four hours of the last sab- 
lingual treatment with this drug. After a two 
week single blind run in period with 50 aior 
atenolol twice daily, a randomised, double 
blind, three way cross over study was 
performed in which 50 rng of atenolol, 20 mg of 
slow release nifedipine, and their fixed 
combination were given twice daily for three 
weeks. 

Treadmill exercise testing and 24 hour 
ambulatory electrocardiographic monitoring 
were used to detect myocardial ischaemia jon 
day 5 while off treatment and at the end of each 
treatment period. Patients kept angina diaries 
throughout the trial period, and were asked to 
record the number of anginal attacks and their 
use of glycery] trinitrate. | 
EXERCISE TESTING 
Exercise testing was performed with the 
modified Bruce protocol on a computerised 
treadmill system (Marquette case 12). Twelve 
lead electrocardiogram recording and blood 
pressure measurement (cuff) were taken at rest, 
at the end of each minute during exercise, at the 
point of 1 mm (0:1 mV) ST segment depres- 
sion, at peak exercise, and three and six minutes 
into the recovery period. Three electrocardio~ 
gram leads were monitored continuously 
before and during exercise and for six ames 
into recovery. All tests were performed at the 
same time of day, four to six hours after the last 
dose of treatment for each patient. A positive 
exercise test diagnostic of myocardial 
ischaemia was defined as horizontal or down- 
sloping ST segment depression 21mm 
measured 60 ms after the J point with respectito 
the resting value. The exercise test was stopped 
in the event of chest pain of moderate severity, 
ST segment depression > 2 mm, or inability of 
the patient to exercise further. 

For all exercise tests, exercise duration ( 
utes) was measured and heart rate-systo 
blood pressure product (beats/min. mm e) 
calculated at 1 mm ST segment depression or, 
when the exercise test was negative at p 
exercise, and the value of the rate-pressure 
product was used as an index of the ischaemic 
threshold. The reason for stopping the test was 
noted. 








AMBULATORY HOLTER MONITORING 
Ambulatory electrocardiographic recordings 
were taken from prejelled electrodės, 
positioned after careful skin preparation jto 
record 2 bipolar leads (modified lead III and an 
anterior lead), with 2 channel amplitude 
modulated recorders (Marquette 8500). The 
anterior lead selected for each patient was that 
which had no Q wave and had shown maximal 
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ST segment depression during exercise. All 
patients were instructed to continue their nor- 
mal daily activity and to use glyceryl trinitrate 
only for symptomatic relief. An episode of 
myocardial ischaemia was defined as horizontal 
or downsloping ST segment depression or ST 
segment elevation >1 mm (0-1 mV) at 60 ms 
from the J point, of more than one minute 
duration and separated from the next episode 
by at least two minutes of baseline electro- 
cardiogram. 


DATA ANALYSIS 
For each exercise test the level of the ST 
segment, 60 ms after the J point, was calculated 
after signal averaging by a computer assisted 
system in all 12 leads every minute with an 
accuracy of 0-1 mm. The lead showing the 
greatest ST segment depression was selected 
for analysis. The values then measured were: 
exercise time (minutes) and heart rate-blood 
pressure product (beats/min. mm Hg) at the 
start of 1 mm ST segment depression; if the 
exercise test was negative, the values were 
taken at peak exercise. The reason for stopping 
the test was noted. The exercise tests were 
analysed by people blinded to the treatment. 
The tapes taken during ambulatory electro- 
cardiographic monitoring were analysed (blind 
as to treatment) with a Marquette Laser Holter 
Systern 800. The total duration of myocardial 
ischaemia was measured from each 24 hour 
period. 


STATISTICAL ANALYSIS 

The statistical analysis was performed by 
analysis of variance with pairs compared by t 
test. A p value <0-05 was considered statis- 
tically significant. Data are expressed as mean 
(SEM). 


Results 

CONTROLS 

The exercise tests in all patients were positive 
for myocardial ischaemia while they were not 
taking drugs (control). The exercise test was 
stopped because of severe chest pain in 14 
patients and silent ST segment depression 
>2 mm in nine patients. The exercise time and 
rate-pressure product at 1mm ST segment 
depression were 7-4 (0:8) min and 20 041 
(1046) beats/min. mm Hg respectively (fig 1). 
The total ischaemic time during ambulatory 
monitoring was 69 (17-1) min (fig 2). 


EFFECT OF NIFEDIPINE 

At the end of the period of taking nifedipine, in 
five patients the exercise test was negative and 
was stopped due to fatigue. Of 18 patients who 
had positive test 12 stopped due to chest pain 
and one due to shortness of breath; the remain- 
ing five were stopped due to silent ST segment 
depression > 2 mm. Compared with the con- 
trol, the exercise time to 1 mm ST segment 
depression increased from 7-4 (0-8) to 10-6 (0-7) 
min (p < 0-001). This increment was also 
associated with an increase in the rate-pressure 
product at 1 mm ST segment depression from 
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Figure 1 Bar graph of 
changes in rate-pressure 
product and exercise time 
at 1 mm ST segment 
depression and number of 
positive exercise tests for 
control periods, treatment 
with atenolol, nifedipine, 
and the combination of 
atenolol and nifedipine 
(mean (SEM) ). Atenolol 
and the combination 
significantly reduced rate- 
pressure product and 
increased exercise time 
with fewer positive tests 
compared with nifedipine 
alone. 


Figure 2 Bar graph 
showing mean total 
duration of ischaemia on 
ambulatory 
electrocardiographic 
monitoring for control 
pertods and during 
treatment with atenolol, 
nifedipine, and 
combination of atenolol 
and nifedipine (mean 
(SEM)). The 
combination significantly 
reduced total ischaemic 
time compared with all 
other groups. 
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20 041 (1046) to 22 865 (841) (p < 0-001) (fig 
1). The total ischaemic time during ambulatory 
monitoring was reduced from 69 (17-1) to 37-5 
(9-8) min (p < 0-01) (fig 2). The average num- 
ber of anginal attacks during this period was 5 
(0:2) and the use of glyceryl trinitrate was 6 
(1-9) per week (fig 3). 


EFFECT OF ATENOLOL 

At the end of the period of taking atenolol nine 
patients had a negative exercise test and stop- 
ped due to fatigue. Of 14 patients who had 
positive tests, five were stopped because of chest 
pain, three due to shortness of breath and the 
remaining six due to silent ST depression 
>2mm. Atenolol increased exercise time to 
1 mm ST segment depression from 7-4 (0:8) to 
11-9(0-4) min(p < 0-001 vcontrol; p < 0:05 7 
nifedipine). This was associated with a reduc- 
tion in the rate-pressure product at 1 mm ST 
segment depression from 20041 (1046) to 
15605 (499) (p< 0-01 v control and 
nifedipine) (fig 1). The total ischaemic time 
during ambulatory monitoring was reduced 
further from 69 (17:1) to 15-6 (5:5) min 
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Figure 3 Bar graph showing number of anginal attack 
and use of glyceryl trinitrate (GTN) consumption | mean 
(SEM) ). Combination of atenolol and nifedipine 
significantly reduced anginal attacks and use of glycers 
trimtrate compared with nifedipine alone 


(p < 0:01 v control; p < 0:005 v nifedipine 
(fig 2). The average number of anginal attacks a 
week during this period was 3 (0-4) (p < 0:05¢ 
nifedipine) and the use of glyceryl trinitrate 
was 7 (2-6) per week (fig 3). 


EFFECT OF THE FIXED COMBINATION OF 
ATENOLOL AND NIFEDIPINE 

At the end of the period of taking the combina 
tion of atenolol and nifedipine, | 1 patients had 
a negative exercise test and it was stopped due 
to fatigue. Twelve patients had positive tests; 
three stopped due to chest pain, four due to 
shortness of breath and five due to silent ST 
segment depression >2 mm. Exercise time to 
1 mm ST segment depression increased from 
7-4 (0°8) to 11-9 (0-4) min (p < 0-0001 2 
control; p < 0:05 v nifedipine); this was 
associated with a reduction in the rate-pressure 
product at 1 mm ST segment depression from 
20 041 (1046) to 15 540 (488) (p < 0-001 ¢ 
control, and nifedipine) (fig 1). The total 
ischaemic time during ambulatory monitoring 
was reduced from 69 (17-1) to 6:5 (2-7) min 
(p < 0-01 v control and nifedipine; p < 0:05% 
atenolol) (fig 2). The average number of anginal 
attacks during this period was reduced to 2 
(0-1) (p < 0-05 v nifedipine) and the use of 
glyceryl trinitrate to 3-7 (1-2) times a weck 
(p < 0-05 v nifedipine, fig 3). 


EFFECT OF ATENOLOL, NIFEDIPINE, AND THEIR 
COMBINATION ON HEART RATE 

Compared with the control the resting heart 
rate was increased by 13 (7) beats/min with 
nifedipine (p < 0:001) but was reduced by 22 
(7) beats/min by atenolol and 19 (7) by the 
combination (p < 0-001). Figure 4 gives the 
heart rate measured minute by minute during 
the exercise tests, and shows that nifedipine 
resulted in a higher heart rate throughout 
exercise when compared with control, atenolol, 
and the combination of atenolol and nifedipine 
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Figure 4 Mean heart 
rate during the exercise 
test for control periods and 
during treatment with 
atenolol, nifedipine, and 
combination of atenolol 
and nifedipine. Nifedipine 
induced a significant reflex 
increase in resting heart 
rate compared with the 
other groups. For each 
level of exercise, heart rate 
was significantly lower with 
atenolol than with 
nifedipine, and similar to 
that with atenolol and 
nifedipine combined. 
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Discussion 

Many of the patients with chronic stable angina 
often show an unpredictable variability of effort 
tolerance and even have occasional sponta- 
neous attacks of angina at rest.’ In these 
patients ischaemia can be caused by an increase 
in myocardial oxygen demand that increases 
with a rise in the heart rate, contractility, or 
intraventricular volume and pressure. Alter- 
natively, it can be caused by a reduction in 
myocardial blood flow due to dynamic constric- 
tion at the site of a stenosis of an epicardial 
coronary artery,’ by an increase in coronary 
arteriolar resistance,’ or by an increase in left 
ventricular wall tension that reduces subendo- 
cardial blood flow." The options for treatment 
in these patients lie in choosing a drug that acts 
on all these different factors of myocardial 
ischaemia. Because one anti-anginal drug 
usually modifies only a few of these, the addi- 
tion of a second agent with different pharmaco- 
logical actions may act in a complementary 
fashion to control myocardial ischaemia. 

This study shows that a fixed combination of 
atenolol and nifedipine is more effective than 
either drug alone in reducing ischaemia detec- 
ted by Holter monitoring during unrestricted 
daily life. It is also more effective than 
nifedipine alone in reducing the number of 
anginal attacks and the use of glyceryl tri- 
nitrate. The effects of the combination on 
exercise induced ischaemia assessed by stan- 
dardised exercise testing was evident through a 
significant reduction of the ischaemic threshold 
compared with control and nifedipine alone, 
and was similar to that found with atenolol 
alone. It has also been shown that the combina- 
tion increases the left ventricular ejection frac- 
tion with almost complete abolition of angina 
pectoris when compared with either drug 
alone.’ 

In our study nifedipine induced an increase 
in exercise time to | mm ST segment depres- 
sion but resulted in a negative exercise test in 
only five out of the 23 patients. It also had a 
modest but significant effect on ambulatory 
ischaemia. It has been shown that nifedipine 
relieves ischaemia primarily by improving 
myocardial perfusion by antagonising vaso- 
constriction at the site of a stentic lesion” or by 
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improving collateral blood flow to ischaemic 
regions.” The systemic vasodilatory effect of 
nifedipine also acts to reduce myocardial con- 
sumption of oxygen but the peripheral action 
stimulates reflex action of the sympathetic 
nervous system.” The resulting increases in 
heart rate may reduce the antianginal effects of 
this drug'' and account for our finding of only a 
small beneficial effect. 

In our study, atenolol alone significantly 
increased the exercise time to 1 mm ST seg- 
ment depression compared with nifedipine 
alone and made nine out of 23 exercise tests 
negative. This was achieved by a reduction of 
the heart rate at rest and during exercise 
(patients reached a mean maximum heart rate 
of only 100 beats/min after exercising for nearly 
15 minutes) (fig 4). Atenolol also reduced the 
total duration of ambulatory ischaemia, further 
than nifedipine, by 77% of the control value. It 
also had a beneficial effect on the number of 
anginal attacks when compared with nifedipine 
monotherapy. f Blockers are known to relieve 
ischaemia primarily by decreasing myocardial 
oxygen demand through inhibition of the rise 
in heart rate and blood pressure that accompan- 
ies submaximal and maximal exercise.'? They 
have been shown in other studies to be effective 
in reducing ischaemia during ambulatory 
activities.” The fixed combination of atenolol 
and nifedipine produced effects during exercise 
testing similar to those found with atenolol 
alone, and also produced similar behaviour of 
the heart rate (fig 4). 

In conclusion atenolol and its combination 
with sustained release nifedipine are equally 
efficacious in controlling that aspect of stable 
angina which is due to dynamic exercise alone. 
This effect is explained by the similar behaviour 
of heart rate during exercise with both prepara- 
tions. The additional benefit, however, of the 
combination on ambulatory ischaemia during 
unrestricted daily life is consistent with the 
effect of nifedipine on that component of 
chronic angina determined by variations in 
vasomotor tone. The potentially adverse effect 
of the high resting heart rate induced by 
nifedipine on the dynamic exercise component 
of angina is neutralised by its combination with 
atenolol. 
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Abstract 
Objective—In some athletes with a 
substantial increase in left ventricular 
wall thickness, it may be difficult to dis- 
tinguish with certainty physiological 
hypertrophy due to athletic training 
from hypertrophic cardiomyopathy. The 
purpose of the present investigation was 
to determine whether assessment of left 
ventricular filling could differentiate be- 
tween these two conditions. 
Design—Doppler echocardiography 
was used to obtain transmitral flow 
velocity waveforms from which indices 
of left ventricular diastolic filling were 
measured. Normal values were from 35 
previously studied control subjects. 
Setting—Athletes were selected mostly 
from the Institute of Sports Science 
(Rome, Italy), and patients with hyper- 
trophic cardiomyopathy were studied 
at the National Institutes of Heal 
(Bethesda, Maryland). 
Participants—The athlete group com- 
prised 16 young competitive athletes 
with an increase in left ventricular wall 
thickness (range 13-16 mm; mean 14). 
For comparison, 12 symptom free 
patients with non-obstructive hyper- 
trophic cardiomyopathy were selected 
because their ages and degree of hyper- 
trophy were similar to those of the 
athletes. 
Results—In the athlete group, values 
for deceleration of flow velocity in early 
diastole, peak early and late diastolic flow 
velocities, and their ratio were not sig- 
nificantly different from those obtained in 
untrained normal subjects; furthermore, 
Doppler diastolic indices were normal in 
each of the 16 athletes. Conversely, in 
patients with hypertrophic cardiomyo- 
pathy, mean values for Doppler diastolic 
indices were significantly different from 
both normal subjects and athletics 
(p = 0°01 to 0:003), and one or more 
indices were abnormal in 10 (83%) of the 
12 patients. 
Conclusions—Doppler echocardio- 
graphic indices of left ventricular fillin 
may aid in distinguishing between pro- 
nounced physiological hypertrophy due 
to athletic training and pathological 
hypertrophy associated with hyper- 
trophic cardiomyopathy. 








(Br Heart J 1992;68:296—300) 


Athletic training is often associated with a 
modest increase in left ventricular cavity size 
during diastole, ventral wall, wall thickness, 
and mass. ™™® Some athletes, however, may 
show considerable increase in left ventricular 
wall thickness.’ In such athletes, the presence 
of primary pathological hypertrophy due to 
hypertrophic cardiomyopathy may be difficult 
to exclude on a morphological basis alone.” ? 
Pulsed Doppler echocardiography has been 
used extensively to assess left ventricular dig- 
stolic filling in normal subjects and in patients 
with various cardiac diseases*” including 
hypertrophic cardiomyopathy. Although 
previous studies have shown normal diastolic 
filling patterns in athletes with normal or mild 
left ventricular wall thickening,” Doppler 
echocardiography has not been used to clarify 
the differential diagnosis between pronounced 
physiological hypertrophy due to athletic 
training (“athlete’s heart”) and hypertrophic 
cardiomyopathy. The present investigation 
applies Doppler indices of left ventricular 
diastolic filling to this clinical problem. 


Methods 

STUDY POPULATIONS 

Our study population comprised 16 highly 
trained competitive athletes selected because 
of a considerable increase in left ventricular 
wall thickness (213mm). Fourteen were 
selected from a large group of elite Italian 
athletes who were all members of national 
teams and were evaluated at the Institute of 
Sports Science (Rome, Italy) between 1986 
and 1988, as part of a mandatory annual 
medical evaluation.’ The other two athletes 
were selected from a group of competitive 
collegiate athletes at the University of 
Maryland, 1984-5.% These 16 athletes par- 
ticipated in rowing (11), canoeing (two), 
cycling (one), football (one), and running 
(one). Ages ranged from 18 to 26 (mean 22); 
all were men. Each athlete had normal blood 
pressure at the time of the evaluation, and 
none had a history of systemic hypertension 
or a family history of sudden cardiac death or 
hypertrophic cardiomyopathy. 

Twelve patients with hypertrophic car- 
diomyopathy were also included. These 
patients were selected so that they would 
closely resemble the athletes in the study, by 
meeting the criteria: (a) comparatively mild 


Usefulness of Doppler echocardiographic assessment of diastohe filhng m distinguishing “athlete’s heart” from hypertrophic cardiomyopathy 297 


left ventricular hypertrophy (for patients with 
hypertrophic cardiomyopathy)? with maxi- 
mum wall thickness <18 mm; (6) <30 years 
of age; (c) symptom free; (d) absence of sys- 
tolic anterior motion of the mitral valve and 
haemodynamically significant mitral regurgita- 
tion; and (e) no history of athletic training. 
Patients ranged in age from 11 to 30 (mean 23) 
years, and three were younger than 18 (11, 16, 
and 17); 10 (83%) were men. Genetic trans- 
mission of hypertrophic cardiomyopathy was 
documented by clinical or echocardiographic 
findings in one or more relatives of nine of the 
12 patients”; the relatives of the other three 
patients did not undergo systematic echocar- 
diographic studies. No patient was taking car- 
dioactive drugs at the time of the study. 
Systemic blood pressure was within normal 
limits in each patient with hypertrophic car- 
diomyopathy. 

Doppler echocardiographic findings in ath- 
letes and patients with hypertrophic car- 
diomyopathy were compared with values 
taken in our laboratory from 35 untrained 
normal subjects (mean age 22, range 19 to 29 
years) without cardiovascular disease.) 


ECHOCARDIOGRAPHY 

Echocardiographic studies were carried out 
with an Advanced Technology Laboratory 
Mark 500 mechanical sector scanner or a 
Hewlett Packard 77020AC phased array sec- 
tor scanner with a 2:5 or 3-5 mHz transducer. 
Images were obtained in multiple cross sec- 
tional planes by standard transducer posi- 
tions.” Magnitude and distribution of left 
ventricular hypertrophy were assessed from 
the cross sectional echocardiogram by pre- 
viously described methods." 

M mode echocardiograms were derived 
from the cross sectional images under direct 
anatomical view and recorded on a strip chart 
at 50 mm/s paper speed. Measurements of 
cardiac dimensions were taken from the 
M mode echocardiogram according to the 
recommendations of the American Society of 
Echocardiography.” 


DOPPLER ECHOCARDIOGRAPHY 

Each subject was examined in the left lateral 
decubitus position by Doppler echocardio- 
graphy with the transducer at or slightly to 
the left of the apical impulse. The transducer 
was orientated to get an apical four chamber 


Table 1 Duiastole Doppler indices of left ventricular filling in competitive athletes with 
left ventricular hypertrophy, patients with non-obstructrve hypertrophic 
cardiomyopathy ( HCM), and untrained normal subjects (mean (SD) ) 





Untrained 

normal controls Athletes HCM 
No of subjects 35 z 16 12 

2 (2 2 (3 (6) 

RR interval (ms) 1078 (148) 208 (158)t 1038 (174) 
EF slope (cm/s*) 55 (12) 51 (18) 
Peak E (cm/s) 69 (11) 69 (11) 59 (14) 
Peak A (cm/s) 27 (6) 30 (9) 37 (13) 
E A rano 27 (08) 24 (0 6)* 170$ 


*p = 004-0 005, athletes v HCM, tp = 001, athletes v HCM and controls; fp = 001 to 
0 0003, HCM v controls. 

EF slope, rate of deceleration of flow velocity in early diastole, Peak E, peak flow velocity in early 
dirarole, Peak A, peak flow velocity in late diastole, E:A ratio, rano of early to late peak flow 
velocity 


view of the heart that provided a good visual- 
isation of the left ventricular cavity and 
maximal movement of the mitral valve leaflets. 
The Doppler cursor line was then positioned 
through a plane orientated perpendicularly to 
the mitral annulus and crossing the left ven- 
tricle from apex to centre of the anulus. Care 
was taken to minimise the angle between the 
presumed direction of diastolic transmitral 
blood flow and the ultrasound beam (cursor); 
this angle was estimated to be less than 20 
degrees in each subject. The Doppler sample 
volume was positioned in the inflow area of the 
left ventricle between the mitral leaflets to 
maximise the peaks of diastolic flow velocity 
with the best graphic quality of the wave- 
forms; the highest diastolic velocities were 
usually identified within the left ventricular 
cavity about 1 cm below the mitral anulus. 

Doppler waveforms were recorded on a 
strip chart at 100 mm/s paper speed. In each 
subject, three cardiac cycles with the most 
clearly defined flow velocity waveforms and the 
highest early diastolic peaks of flow velocity 
were selected for analysis. Left ventricular 
diastolic flow velocity waveforms from three 
cardiac cycles were measured and values 
averaged for the Doppler diastolic indices: (a) 
early diastolic peak flow velocity, measured as 
the height of the early peak of flow velocity 
(Œ); (b) rate of decrease (deceleration) of flow 
velocity in early diastole (EF slope); (c) late 
diastolic peak flow velocity, measured as the 
height of the late (atrial) peak of flow velocity 
(A); and (d) the ratio of the early to late peaks 
of flow velocity (EJA). These Doppler diastolic 
indices have already been shown to have satis- 
factory reproducibility.» 


STATISTICAL ANALYSIS 

Data are expressed as mean (SD). Differences 
in Doppler indices of diastolic filling among 
athletes, patients with hypertrophic cardio- 
myopathy, and normal controls were assessed 
by analysis of variance. Comparisons between 
two groups of subjects were tested with the 
unpaired Student’s £ test. In individual 
subjects, any given Doppler diastolic index 
was considered abnormal when not within the 
95% confidence intervals (95% Cls) of normal 
values.” Upper and lower normal 95% CIs 
for the Doppler diastolic indices had been 
calculated from the one tail of the Student’s t 
test distribution as mean + (1 684 x SD), 
and mean — (1-684 x SD).?! The transmitral 
waveform in each patient with hypertrophic 
cardiomyopathy (or athlete) was considered 
abnormal if the value for one or more of the 
Doppler indices of diastolic filling was outside 
this 95% CI. 


Results 

DOPPLER DIASTOLIC INDICES 

Comparison of athletes and normal controls 

In the athletes, mean values for deceleration of 
early diastolic flow velocity, early and late 
diastolic peak flow velocities, and the ratio of 
early to late peaks were similar and did not differ 
significantly from those of untrained, normal 
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(A) Waveforms of transmitral flow velocity taken with i poppler echocardiography m a sedentary 20 year old man 


without cardiovascular disease; (B) an 18 year old hig 
symptom free patient with hypertrophic car 

chastole waveform; deceleration of flow velocity in early 
peak of flow velocity (E) is more than tence that of late 
toaveform is smalar to that of subject shown in panel (A 
deceleration of flow velocity tn early diastole (EF slope) 


ly tramed football player; (C) a sedentary 19 year old 


and relatively mid left ventricular hypertrophy. (A) Normal 
chastole (EF slope) ıs rapid, and the height of early drastohc 
tastohe peak A. (B) Pattern of the transmitral flow velocaty 

. (C) Abnormal pattern of transmtral flow velocity; 

1s decreased and the ratio of peak early (E) to peak late flow 


velocity (A) 1s reduced. Each vertical division represents a 20 cm|s increment in flow velocity, Horizontal time lme 


dimstons are 40 ms apart. 


subjects (table 1). Also, individual subject 
analysis showed that each index of diastolic 
filling of the left ventricle was within the 95% 
CI of the normal subjects in 15 of oa 





athletes (fig). The remaining athlete had only 
mild increase in both the early and late p 

flow velocities that were considered to occur asa 
normal consequence of increased stroke 
volume in this particular subject. Thus all 16 
athletes had normal transmitral flow velocity 
waveforms. Heart rate in athletes was slowe! 
compared with normal controls (RR interva 
1208 (158) v 1078 (148) ms, p < 0-1). 


Comparison of patients with hypertrophic 
cardiomyopathy and normal controls 

In patients with hypertrophic cardiomyopathy, 
mean values for each of the Doppler diastoli 
indices measured were significantly different 
from those in the untrained normal subjects—- 
that is, patients with hypertrophic cardi 
myopathy showed decreased early peak flow 
velocity, slowed deceleration of early diastoli¢ 
flow velocity, and increased late peak flow 
velocity associated with atrial systole. Heart 
rates in the two groups were not significantly 
different (table 1). Furthermore, individual 
patient analysis showed that indices of left 
ventricular filling exceeded the 95% CI of th 
untrained normal subjects in 10 (83%) of the 1 
patients with hypertrophic cardiomyopathy 
(fig). Of these 10 patients, three had one abnor 
mal index, six had two abnormal indices, an 
one had three abnormal indices. The abnor- 
malities of diastolic filling that occurred in 


patients with hypertrophic cardiomyopathy 
included decrease in early diastolic peak flow 
velocity (<49 cm/s) in five patients, reduced 
deceleration of early diastolic flow velocity 
(<35 cm/s) in five patients, increased late dia- 
stolic peak flow velocity (<39 cm/s) in four 
patients, and reduced ratio of early to late peak 
flow velocities (< 1-7) in four patients. 


Comparison of athletes and patients with 
hypertrophic cardiomyopathy 

In athletes mean values for deceleration of early 
diastolic flow velocity, early peak flow velocity, 
and the ratio of early to late peak velocities were 
significantly different from those from patients 
with hypertrophic cardiomyopathy (p < 0-05), 
(table 1). Late diastolic peak flow velocity was 
similar in athletes and patients (table 1). 


CARDIAC DIMENSIONS 

Athletes : 

In the 16 athletes, thickness of the ventricular 
septum ranged from 13 to 16 (mean 14) mm 
and thickness of the posterior free wall ranged 
from 10 to 13 (mean 12) mm. Substantial 
hypertrophy was confined to the ventricular 
septum in 13 athletes, and involved both sep- 
tum and contiguous anterior free wall in three. 
The cavity dimension of the ventricle at end 
diastole ranged from 47 to 63 (mean 58) mm 
and was > 55 mm in 13 of the 16 athletes. 


Hypertrophic cardiomyopathy 
In the 12 patients with hypertrophic car- 


Table 2 Cardiac dimensions in competitive athletes with left ventricular hypertrophy and patients uth hypertrophic 











cardiomyopathy (HCM) 
fre HCM (n= 12) 
ean (SD) Range Mean (SD) Range p Value 
Age (y) 22 (3) 18-26 23 (6) 11-30 NS 
Ventricular septal thickness (mm) 4 (1) 13-16 15 (2) 13-18 NS 
Left ventricular posterior wall thickness (mm) X (1) 10-13 11 (G) 7-13 <0 05 
Left ventricular end diastolic cavity dmension (mm) (5) 47-63 45 (5) 38-56 <0 001 
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diomyopathy, thickness of the ventricular sep- 
tum ranged from 13 to 18 (mean 15) mm, and 
did not differ from that in the athletes (table 2). 
Thickness of the posterior free wall ranged 
from 7 to 13 (mean 11) mm and was slightly 
smaller than that in the athletes (p < 0-05) 
(table 2). Left ventricular hypertrophy was 
confined to the anterior ventricular septum in 
eight patients and involved both the septum 
and portions of the contiguous anterior free 
wall in the remaining four. The cavity dimen- 
sion of the left ventricle at end diastole ranged 
from 38 to 56mm and the mean value was 
significantly smaller than that in the athletes (45 
(5) v 58 (5) mm, p < 0-001). 


Discussion 
Long-term athletic training is known to 
produce physiological alterations in cardiac 
morphology that have been commonly referred 
to as the “‘athlete’s heart’’.’'° These changes 
usually consist of a modest ‘increase in either 
cavity size of the left ventricle at diastole, 
ventricular wall thickness, or both.'!° A min- 
ority of highly trained athletes, however, may 
show more substantial increases in thickness of 
the left ventricular wall (up to 16 mm).° On the 
other hand, hypertrophic cardiomyopathy is 
also characterised by increased thickness of the 
left ventricular wall. Whereas most patients 
with hypertrophic cardiomyopathy show a 
pronounced increase in left ventricular wall 
thickness of 20 mm or more, some patients 
with this disease may have mild increases in 
wall thickness of only 13-15 mm.” ” Hence, 
individual athletes with substantial left ven- 
tricular wall thickening create a diagnostic 
dilemma as it may be difficult to distinguish the 
“athlete’s heart” from hypertrophic cardio- 
myopathy with comparatively mild left ven- 
tricular hypertrophy. The importance of this 
differential diagnosis becomes evident when 
one considers that the “‘athlete’s heart” is a 
physiological condition not known to be as- 
sociated with adverse pathological conse- 
quences, whereas hypertrophic cardiomyo- 
pathy seems to be the most common cause of 
sudden death in young competitive athletes.” 
Several approaches have been suggested for 
the differential diagnosis between pronounced 
physiological hypertrophy and hypertrophic 
cardiomyopathy in athletes. Firstly, if hyper- 
trophic cardiomyopathy can be documented in 
a relative of the athlete, this finding is strong 
evidence for genetically transmitted hyper- 
trophic cardiomyopathy; however, about 45% 
of patients with hypertrophic cardiomyopathy 
have no evidence of familial transmission of the 
disease, and consequently a negative family 
study in the athlete does not absolutely exclude 
the possibility of hypertrophic cardiomyo- 
pathy.” Secondly, as physiological left ven- 
tricular hypertrophy may show regression 
within weeks after the end of training,” a 
period of planned deconditioning may induce a 
decrease in wall thickness in selected athletes 
that in turn would support the presence of 
physiological hypertrophy.’ The small changes 
in thickness of the wall of the left ventricle, 
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however, that are induced by deconditioning 
may be difficult to identify reliably by echocar- 
diography in the individual subject. Thirdly, 
the assessment of absolute size of the left 
ventricular cavity at end diastole may be useful 
in this differential diagnosis; for example, a 
small cavity (<45 mm) would strongly suggest 
hypertrophic cardiomyopathy, whereas a 
cavity > 55 mm would favour the training effect 
of the ‘“‘athlete’s heart”.”!° In our study, the 
cavity dimension of the left ventricle at end 
diastole was in fact greater in athletes compared 
with patients with hypertrophic cardio- 
myopathy, although there was some overlap 
between the two groups. It should be emphas- 
ised, however, that the athletes in the study 
were mostly world class elite competitors who 
were engaged in particularly vigorous training 
programmes combining isotonic (endurance) 
and isometric (power) exercise. As a con- 
sequence, such subjects could be expected to 
have a larger left ventricular cavity than other 
competitive athletes. Finally, the possibility 
arises that absolute posterior wall thickness 
may be helpful in distinguishing ‘‘athlete’s 
heart” from hypertrophic cardiomyopathy. 
Indeed, in our study, the mean value for 
thickness of the posterior free wall of the left 
ventricle was slightly greater in the athlete 
group than in patients with hypertrophic car- 
diomyopathy. The substantial overlap, how- 
ever, between athletes and patients prohibits 
the use of this variable to distinguish physio- 
logical hypertrophy from hypertrophic car- 
diomyopathy in individual athletes. Hence, all 
the diagnostic approaches described have prac- 
tical and methodological considerations that 
limit their usefulness in differentiating 
physiological from pathological wall thicken- 
ing in individual athletes. 

For these reasons, we considered the pos- 
sibility that other non-invasive diagnostic tests 
might aid in the differentiation of ‘‘athlete’s 
heart” from hypertrophic cardiomyopathy. 
Doppler echocardiographic assessment of left 
ventricular diastolic filling has been shown to be 
abnormal in most symptom free, as well as 
symptomatic, patients with hypertrophic car- 
diomyopathy,’® and also in patients with 
various other cardiac diseases.” '7'® Therefore, 
we chose Doppler echocardiography to com- 
pare left ventricular filling in competitive ath- 
letes who have considerable physiological 
hypertrophy with symptom free patients who 
have non-obstructive hypertrophic cardio- 
myopathy and mild pathological hypertrophy. 
These two groups were intentionally selected 
to be similar for wall thickness and age.*® 
Despite these similarities, each of the 16 
athletes had a normal pattern of left ventricular 
filling, whereas more than 80% of the patients 
with hypertrophic cardiomyopathy had an 
abnormal filling pattern. Therefore, an abnor- 
mal Doppler diastolic waveform in an athlete 
with considerable left ventricular hypertrophy 
would strongly suggest the presence of hyper- 
trophic cardiomyopathy, whereas a normal 
Doppler filling pattern does not exclude the 
diagnosis of hypertrophic cardiomyopathy.” 

The athletes, as a group, had slightly slower 

ce 
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heart rates than either normal subjects d 
patients with hypertrophic cardiomyopathy. 
There is, however, no evidence suggesting that 
such a modest difference in heart rate could have 
accounted for the differences in early diastolic 
peak flow velocity between these two groups. 
Whereas alterations in the transmitral flow 
velocity waveform have been reported to be 
associated with increased heart rate, these 
changes were elicited under non-physiological 
conditions (that is, with intracardiac or ker 
oesophageal pacing)” and may not 

applicable to the small differences in resting 
heart rate found under physiological conditiogs 
in our subjects. Moreover, these reported rate 
related alterations in the transmitral wavefo 
consisted mostly of increases in the late dia- 
stolic flow velocity, by contrast with the differ 
ences in early flow velocity that we found 
between athletes and patients with hyper- 
trophic cardiomyopathy. 
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Protrusion of the device: a complication of 
catheter closure of patent ductus arteriosus 


J Ottenkamp, J Hess, M D Talsma, T N Buis-Liem 


Abstract 

Objective—To assess the medium term 
results of percutaneous transvenous 
closure of patent ductus arteriosus, in 
particular with regard to protrusion of 
the device with or without turbulence of 
the bloodflow. 

Design—Clinical examination and 
echocardiographic study (cross sectional 
Doppler, and colour Doppler examina- 
tion) within 24 hours of and at least 6 
months after implantation (range 6-26 
(mean 15) months). 

Setting—Multicentre study at the 
departments of paediatric cardiology of 
three academic hospitals. Tertiary clin- 
ical care of the first group of patients in 
the Netherlands treated by the percutan- 
eous transvenous method. 

Patients—36 patients (12 male, 24 
female) mean age 8-2 years, (range 1-7- 
58:3), mean weight 25:5 kg (range 11~ 
67:8 kg). The total group consisted of 46 
patients. In one the implantation had 
failed and nine others were not available 
for regular follow up. All 36 patients 
underwent non-surgical closure of the 
patent ductus arteriosus with a Rashkind 
double umbrella prosthesis. 

Main outcome measures—Diagnosis 
or exclusion of protrusion of the Rash- 
kind device with or without turbulence 
of the blood flow with follow up of chan- 
ges in protrusion and turbulence. 

Results—In 17 patients the prosthesis 
protruded into an arterial lumen: the 
aorta in 13 and the (left) pulmonary 
artery in four, with turbulence in seven 
and two cases respectively. After six 
months the aortic protrusion dis- 
appeared in three, including one who 
had had turbulent blood flow. At the end 
of follow up the prosthesis still 
protruded into the aorta in 10 but in 
three the turbulence had vanished. In 
two of the three remaining patients with 
turbulence in the descending aorta the 
degree of turbulence had decreased. 
There was no lessening of turbulence in 
the four patients in whom the device 
protruded into the pulmonary artery. 

Conclusions—The Rashkind double 
umbrella can protrude into the descend- 
ing aorta and the left pulmonary artery 
without causing turbulent blood flow. 
Turbulence and the protrusion itself can 
disappear. Endocarditis prophylaxis 


may be required for as long as the device 
causes turbulence. 


(Br Heart J 1992,68.301-3) 


Many centres use transvenous placement of the 
double umbrella occlusion device,’ to close a 
persistently patent ductus arteriosus. Trans- 
catheter closure is feasible in most children 
with a patent ductus arteriosus.” It is safe and 
effective,’ and offers several advantages, but itis 
not without complications. Residual left to 
right shunting after incomplete closure of the 
patent duct was reported in more than 30% of 
patients.** With subsequent spontaneous 
closure of these often tiny, residual ductal leaks 
resulted in an incomplete closure rate of about 
20% a year or more after the procedure.” 
Arterial complications sometimes require 
intravenous heparin. Embolisation of the 
device, which was reported in 15% of the 
patients,’ has become an uncommon event with 
increasing experience and improved tech- 
niques.??* Post-implantation haemolysis is a 
serious complication that calls for surgical 
removal of the device’ or placement of a second 
occluder device.” Both reduce one of the main 
advantages of the procedure—that is, a short 
hospital stay.2® Only in one case endarteritis 
has been attributed to the procedure.’ Though 
it has been claimed that the occluder device 
does not obstruct the aorta or the (left) pulmon- 
ary artery, narrowing of the left pulmonary 
artery related to occluder device placement has 
been described.? We report on the extent of 
obstruction that was caused by the device in the 
left pulmonary artery and the descending aorta. 


Patients and methods 
Between February 1988 and November 1989 
non-surgical closure of a persistently patent 
ductus arteriosus was attempted in 46 patients 
in three academic hospitals in the Nether- 
lands.®° Informed consent was obtained from 
all parents and/or patients. The treatment 
protocol was approved by the Ethical Review 
Committee of the Leiden University Hospital. 
The patients were not consecutive because 
during the study period three children were 
treated surgically. In one patient the procedure 
failed because the occluder device embolised 
into the right pulmonary artery. Nine patients 
(eight from abroad) were not available for the 
regular follow up, which included clinical 
examination, cross sectional echocardiography, 
and colour coded;Doppler flow study. 

Thirty six patients (21 from Leiden, 13 from 
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Figure 1 A) Rashkind occluder device 
B) Colour coded Doppler echocardiogram showing turbulence of flow at the inner wall 

of the descending aorta. The arrow points to the site of the Rashkind device 

ao, descending aorta; pa, pulmonary artery 





arrow) protruding into the descending aorta 


Rotterdam, and two from Groningen par- 
ticipated in the study (mean age 8-2 years, 
range 1-7-58-3 with four >15 years old and 
mean weight 25-5 kg (range 11-67:8 kg). There 
were 12 male and 24 female patients. One also 
had a small ventricular septal defect and 
another had serious kyphoscoliosis. We used a 
12mm diameter device in 20 patients and a 
17 mm diameter device in 16 according to the 
echocardiographically measured and angiocar- 
diographically verified smallest diameter of the 
patent duct (12 mm device if <4 mm). In three 
patients a second device had to be implanted; in 
two patients after 15 and 20 months because of 
a considerable residual ductal leak and in 
the remaining patient after seven months 
because of a severe haemolysis that resolved 
subsequently. 

All 36 patients underwent a complete cross 
sectional echocardiographic investigation 
including colour coded Doppler flow) within 
24 hours of the procedure and also at least six 
months afterwards. We used a Hewlett Packard 
Sonos 1000 or a Vingmed 750 system. All but 
three were followed up for more than six 
months and were restudied at the end of the 





Figure 2 A) Occluder device protruding into the left pulmonary artery (arrow 
B) Turbulence of the blood flow at the site of protrusion of the Rashkind device inside 


the left pulmonary artery 


arrot pa, pulmonary artery 


s, Talsma, Buis-Liem 


Ottenkamp, He 


follow-up period (mean 15 months; range 6-26 
months). We especially studied the aortic arch, 
descending aorta, pulmonary artery, and duc- 
tus arteriosus from the suprasternal and high 
left parasternal short axis views and the colour 
coded Doppler derived turbulent flow patterns 
caused when the always readily visualised 
Rashkind occluder device protruded into the 
lumen of the descending aorta or pulmonary 
artery. We used colour flow mapping to inves- 
tigate residual ductal shunting.’ '° 


Results 

In 13 (36%) patients the occluder device 
protruded into the descending aorta (fig 1A), 
and caused turbulent blood flow in seven (fig 
1B). In six no turbulence was detected by 
colour coded flow imaging though the device 
clearly protruded. The turbulent blood flow 
was restricted to the inner wall of the descend- 
ing aorta and was caused by one of the arms of 
the distal part of the device impinging on the 
aortic lumen. It was always unequivocally and 
reproducibly present. Turbulent blood flow 
was not seen when there was no obvious 
protrusion of the device. However, in several 
patients who had a duct with a clear aortic 
ampulla we found normal velocity flow towards 
the transducer inside the aortic end of the duct. 
As expected, none of the femoral arterial pulses 
were weakened. After six months of follow up 
protrusion of the device into the descending 
aorta had disappeared in three patients includ- 
ing one in whom blood flow had been turbulent. 
At the end of the follow up period, the device 
protruded into the aorta in 10 patients, but in 
another three patients the turbulent blood flow 
that had been present was no longer found. In 
two of the three patients with turbulent aortic 
blood flow at the end of the follow up period, the 
degree and extent of the disturbance had clearly 
lessened since the six month follow up. In six 
patients the protrusion was caused by a 17 mm 
device and in four it was caused by a 12 mm 
occluder. Protrusion of the device into the left 
pulmonary artery was seen in four (11%) 
patients (fig 2A) and this was accompanied by 
turbulence in two of them (fig 2B). Both had a 
second 17mm device implanted. In one of 
them, a two year old boy weighing 12 kg, the 
maximal blood flow velocity measured in the 
left pulmonary artery was 2:7 m/s, suggesting a 
gradient of approximately 25 mm Hg between 
the main pulmonary artery and the left branch 
caused by the Rashkind occluder device. 

The four patients in whom a portion of the 
occluder device protruded into the left pul- 
monary artery at the start of the study showed 
no change over time. 

In eight (22%) patients we found residual 
ductal leaks. Two of them, mentioned before, 
with a haemodynamically significant residual 
shunting, underwent successful placement of a 
second occluder device and in two other 
patients the tiny leaks had disappeared six and 
12 months later. The remaining four patients 
still have tiny residual ductal leaks and none of 
them have protrusion of the occluding device 
into an arterial lumen. 


Protrusion of the device: a complication of catheter closure of patent ductus arteriosus 


Discussion 

Catheter closure of a patent ductus arteriosus, 
was successful in 80% of patients after first 
treatment and in over 90% when successful 
placement of a second device in those with 
considerable residual ductal leaking was taken 
into account.’ Protrusion of a portion of the 
occluder device into the left pulmonary artery 
was described in a patient with an estimated 
gradient of 10 mm Hg.’ Musewe et al des- 
cribed how the proximal arms of the device 
straddled the orifice of the left pulmonary artery 
in several patients but they did not report any 
gradient.‘ In our group of 36 patients we saw 
protrusion of the device into the pulmonary 
artery in four, with a gradient of approximately 
25 mm Hg in one. During the follow up period 
there was no change in the numbers with 
narrowing of the left pulmonary artery or the 
extent of narrowing caused by the Rashkind 
occluder device. Surprisingly, we found that in 
13 of the 36 patients the device protruded into 
the descending aorta. To the best of our 
knowledge, this complication has not been 
described before. The device seemed especially 
likely to protrude if a 17 mm diameter device 
was implanted in a small child. Protrusion of 
the device into the aortic lumen is most likely to 
occur in small children with a short duct who 
do not have an aortic ductal diverticulum to 
anchor the distal arms of the umbrella. Unlike 
the protrusion of the device into the left 
pulmonary artery, the aortic protrusion disap- 
peared in three patients and in others the extent 
of turbulence caused by the device also 
decreased. Blood flow in the descending aorta 
was turbulent in seven patients shortly after 
insertion and in only three at the end of the 
follow up period. In two of these the extent of 
the turbulence had decreased. The suggested 
process of endothelialisation and covering with 
tissue of the discs of the double umbrella 
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occluder device, leading to complete incor- 
poration into the arterial walls,’ is likely to be 
slow and gradual. Our findings accord with the 
suggestion that with time incorporation of the 
device is complete, but further follow up is 
needed to confirm this. How long after success- 
ful and complete closure of the patent ductus 
arteriosus (established by colour Doppler 
examination) can endocarditis prophylaxis be 
stopped? Some advise six months,’ and others 
12 months.? However, if tiny residual shunts 
are present or if the device protrudes into the 
aortic or pulmonary arterial lumen with tur- 
bulent blood flow at that site endocarditis 
prophylaxis should be continued. 
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Abstract 

Objective—To investigate the preva- 
lence, age distribution, and spectrum of 
cardiac involvement in a cohort of 
patients with Becker muscular dys- 
trophy. 

Design—A_ prospective non-invasive 
study with clinical, electrocardio- 
graphic, and echocardiographic assess- 
ment. 

Patients—19 patients (age range 16-41 
years) with Becker muscular dystrophy 
attending the Muscle Clinic at Hammer- 
smith Hospital and 22 healthy controls 
(age range 22-36 years). 

Results—17 patients (89%) were symp- 
tom free; two had exertional dyspnoea. 
Three had a past history of acute 
pericarditis. The electrocardiogram was 
abnormal in 14 patients (74%). Intraven- 
tricular conduction delay or right bundle 
branch block was present in eight (42%). 
Three (16%) had tall R waves (R/S >1) 
in lead V1 in the absence of right bundle 
branch block and eight (42%) had Q 
waves in the lateral and inferolateral 
leads. The PQ interval was significantly 
shorter in patients with Becker muscular 
dystrophy (p < 0'01). Echocardiography 
showed left ventricular dilatation in 
seven patients (37%) and 12 (63%) had 
subnormal systolic function caused by 
global hypokinesia (fractional shorten- 
ing <27%). Six of these patients were 
under the age of 22 years. Patients with 
Becker muscular dystrophy had sig- 
nificant reduction of both fractional 
shortening and corrected mean velocity 
of circumferential shortening compared 
with controls. No correlation was found 
between fractional shortening and age. 

The third filling fraction was signifi- 
cantly reduced in patients with Becker 
muscular dystrophy (p < 0:05), although 
other indices of diastolic function 
(isovolumic relaxation time and E/A 
ratios) were not significantly different. 

Conclusions—Though most patients 
with Becker muscular dystrophy were 
symptom free, a high percentage had 
evidence of a subclinical cardiomyo- 
pathy. Electrocardiography showed that 
the inferolateral and posterior segments 
of the left ventricle tended to be affected 
and may show evidence for conduction 
tissue disease. Echocardiography showed 
that most patients had left ventricular 
dilation and global hypokinesia. The 


severity of left ventricular disease was 
unrelated to age; some younger patients 
had severe left ventricular dysfunction. 
All patients with Becker muscular dys- 
trophy should have echocardiographic 
assessment of left ventricular function. 


(Br Heart J 1992;68:304-8) 


Becker muscular dystrophy is an X-linked 
recessive neuromuscular disease characterised 
by progressive muscular weakness. It tends to 
run a milder course than Duchenne muscular 
dystrophy with patients remaining ambulant 
beyond the age of 16 years and usually surviv- 
ing past the age of 30 years.’ 

Gene mutations at the p21 band of the short 
arm of the X chromosome, coding for the 
protein dystrophin, are found in both 
Duchenne and Becker muscular dystrophy. In 
Duchenne muscular dystrophy there is little 
or no dystrophin whereas in Becker muscular 
dystrophy it is present in reduced quantity or 
is of abnormal molecular structure or both.' 

Cardiac involvement in Becker muscular 
dystrophy was first recognised in 19667 and 
since then dilated cardiomyopathy has been 
reported in patients with this disease.?>* Most 
patients are free of cardiac symptoms.’ A 
previous prospective study of 14 patients 
found some evidence of cardiac involvement 
in 64%; however, none had a dilated cardio- 
myopathy. Myocardial involvement in 
Becker muscular dystrophy seems to be 
unrelated to the clinical severity or duration of 
skeletal muscle involvement* and may even 
precede the onset of muscle weakness.’ 
Evidence of cardiac involvement may be 
found on electrocardiography. Described 
abnormalities include intraventricular and 
right bundle branch blocks,‘°; ST segment 
abnormalities®; T wave abnormalities’®°; and 
Q waves in the inferior, lateral, ™” and pre- 
cordial? leads. The PQ segment (end of P 
wave to beginning of QRS) is shortened and 
the QT/PQ ratio (cardiomyopathic index) is 
increased in both Becker and Duchenne mus- 
cular dystrophy.” These changes are believed 
to be useful electrocardiographic indicators of 
early cardiac involvement.’ Thallium 
perfusion studies in patients with Becker mus- 
cular dystrophy with dilated cardiomyopathy 
identified regional perfusion defects in the left 
ventricle in the absence of coronary artery 
disease.” # 

The pathology of the dilated cardiomyo- 
pathy in Becker muscular dystrophy consists 
of diffuse degeneration and fibrosis of both 
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ventricles, especially of the mid-myocardium 
and the posterolateral portion of the left ven- 
tricle.” © Necrosis and fibrosis of the conduct- 
ing tissue have also been reported.” 

Cardiac disease is likely to be an important 
determinant of functional capacity and 
survival in Becker muscular dystrophy 
because the skeletal and respiratory muscles 
are less severely affected than in Duchenne 
muscular dystrophy. Although the dilated 
cardiomyopathy seen in some patients may 
represent the end stage of progressive cardiac 
involvement in Becker muscular dystrophy, 
there are few data on the prevalence and 
natural history of cardiac involvement. We 
report the results of a cross sectional study of 
cardiac disease in 19 patients. 


Patients and methods 

We studied 19 patients attending the Muscle 
Clinic at Hammersmith Hospital. The research 
protocol was approved by the ethics committee 
of the Royal Postgraduate Medical School and 
informed consent was obtained from each 
patient. The specific diagnosis of Becker mus- 
cular dystrophy, as opposed to Duchenne mus- 
cular dystrophy, was made on the basis of the 
typical clinical features of dystrophy and the 
ability to walk at the age of 16 years.* The 
diagnosis was confirmed histologically on mus- 
cle biopsy. Sixteen patients had undergone 
genetic studies and the skeletal muscle dystro- 
phin status had been determined in nine 
patients by the western blot technique. Patients 
were divided into three broad clinical groups 
according to degree of physical disability: (1) 
minor impairment of motor function, GI) 
major impairment of motor function— 
ambulant, (IIT) major impairment of motor 
function—wheelchair dependent. Com- 
parative data were obtained from 22 healthy 
volunteers. 

A detailed history was taken with particular 
attention to cardiovascular symptoms and drug 
history. A full clinical examination was perfor- 
med. Pulmonary function as assessed by forced 
vital capacity was measured by standard 
spirometry and compared with standard tables. 

The patients and 22 controls had 12 lead 
electrocardiograms recorded at speeds of 25 
and 50 mm/s on a Marquette Mac 12. These 
were analysed for morphological, rhythm, and 
conduction abnormalities. The PR and QT 
intervals and the PQ segment were measured 
from standard lead IT,” and the P/PQ and QT/ 
PQ ratios were calculated. 

Transthoracic echocardiography by M 
mode, cross sectional Doppler, and colour flow 
mapping was performed on a Toshiba SSH- 
160A scanner. Both 2-5 and 3-75 mHz probes 
were used for imaging and Doppler studies. 
The patients and 19 controls were examined in 
the left lateral position from standard paraster- 
nal and apical views, with simultaneous 
electrocardiogram and phonocardiogram 
recordings. All measurements were averaged 
over 3—5 cardiac cycles. Internal chamber 
measurements (left ventricular internal dimen- 
sion in diastole and systole (LVIDd and 
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LVIDs) and the left atrial dimension) were 
measured as recommended by the American 
Society of Echocardiography." From an apical 
four chamber view, mitral inflow velocities were 
assessed with range gated pulsed Doppler 
echocardiography. The sample volume was 
positioned parallel to the flow at the site of 
maximum velocity at the tip of the mitral 
leaflets. The following were measured: left 
ventricular ejection time (ET), isovolumic 
relaxation time, RR interval, peak E and A 
velocities, and the velocity time integral of total 
diastolic filling (VTI total) and of the first third 
of diastolic filling (VTI third). 

The following indices of systolic and 
diastolic function were calculated: shortening 
fraction (SF = [LVIDd — LVIDs]/LVID4Q), 
corrected mean velocity of circumferential 
shortening (mVcFc = [LVIDd — LVIDs]/ 
LVIDd x ETc, where ETc = ET/square root 
of the RR interval), E/A velocity ratios (peak 
velocity E/peak velocity A), and third filling 
fraction (VTI total/VTI third). 


STATISTICAL ANALYSIS 

The numerical variables are expressed as mean 
(SD). A two-tailed, unpaired t test was used for 
statistical analysis. A p value of less than 0:05 
was regarded as significant. The 95% con- 
fidence intervals are given. 


Results 

CLINICAL PROFILE 

The patients’ ages ranged from 16 to 41 years 
(mean 23, median 22) and those of the 22 
controls from 22 to 36 years (mean 27, median 
26). 

Of the 19 patients, 12 had minor motor 
impairment (1), four had major impairment but 
were ambulant (II), and three were wheelchair 
dependent (III). The dystrophin in all nine 
patients studied was of a truncated form and 
present in reduced amounts. Of the 16 patients 
who underwent genetic studies, 12 had detect- 
able deletions in the Duchenne gene and no 
deletions were detectable in the remaining 
four. Patients were divided into three groups 
according to the site of exon deletions in the 
Duchenne gene: A, exons 13-19; B, exons 
9-45; and C, exons 45-49 (table 1). 

Seventeen patients were free of cardiac 
symptoms and two had exertional dyspnoea. In 
the past, three patients had had acute peri- 
carditis. Except for one patient who was taking 
atenolol, no one else was receiving regular 
medication at the time of the study. All were 
normotensive and none had abnormal cardiac 


signs. 


ELECTROCARDIOGRAPHIC STUDIES 

The electrocardiogram was completely normal 
in five patients (table 2). All patients were in 
sinus rhythm apart from one, who in addition 
had a short run of nodal rhythm. An intra- 
ventricular conduction delay including incom- 
plete right bundle branch block was present in 
six patients and complete right bundle branch 
block occurred in two others. When patients 
with incomplete or complete right bundle 
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Table 1 Data on patients with Becker muscular dystrophy 


ë Functional Symptoms and Exon 
Case (yr) grade past history Drugs deletions 
1 17 I None 45-47 (O) 
2 21 I None 13 (A) 
3 26 WW None 9-45 (B) 
4 19 Ir None NT 
5 25 i SOB, P 22 yr 45-48 (C) 
6 26 im None 45 (C) 
7 16 I SOB ND 
8 16 I P15yr 45-47 (C) 
9 4) Ir None NT 
10 16 I None NT 
11 26 I None 46-49 (C) 
12 22 I None 45-47 (C) 
13 22 I None ND 
14 26 I None 45-47 ( 
15 39 II None 13-19 (A) 
16 25 WI P23 yr Atenolol 19-44 (B) 
17 19 I ND 
18 17 I None ND 
19 16 I None 48 (O 





SOB, shortness of breath; P, pericarditis, I, minor motor mpairment; II, major motor 
mmpairment-—ambulant; ITI, wheelchair dependent, Bxon deletion groups: A, 13-19; B, 9-45; C, 
45-49; ND, no deletion detected; NT, not tested. 


Table 2 Sptrometry, electrocardiography, and echocardiography n patients uith 
Becker muscular dystrophy 











FVC Te LVIDd FS 
Case (%) Electrocardiogram ms) QT/PQ (mm) (%) 
1 96 IRBBB 399 10 70 51 24 
2 93 RBBB 408 10 20 52 2) 
3 42 Ivcpb 423 736 42 23 
4 89 Run nodal rhythm, [VCD 410 1001 62 15 
5 77 Normal 404 8 80 47 27 
6 42 Tall R V1, Lat Q & T abn 441 8 60 66 13 
7 71 Tall R VI, Lat Q 409 8-25 56 22 
8 NT Tall R V1, Lat Q & R loss 432 736 48 26 
9 78 Reduced R V2-V3 442 10:20 58 21 
10 65 LAH, IRBBB, Inf-lat T abn 456 10-00 53 26 
lt 80 LVH 430 10 00 51 27 
12 98 No 391 11 80 55 29 
13 53 IVCD, Lat Q & T abn 444 975 58 15 
14 98 ormal 402 18-00 55 16 
15 NT Normal 412 18 20 48 23 
16 NT Normal 386 525 46 32 
17 100 Inf-lat Q 389 12 66 46 28 
18 82 IVCD, Lat Q 388 13-86 50 29 
19 82 RBBB, LVH, Lat Q 403 9 30 52 29 





FVC, forced vital capacity (% predicted); LVIÐDd, left ventricular mternal dimension in 
diastole; FS%, percentage left ventricular fracuonal shortening, IRBBB, mcompiete right 
bundle branch block; RBBB, complete right bundle branch block: IVCD, mtraventricular 
conduction delay; Lat, lateral; Inf-lat, ıinferolateral, LAH, left anterior hemiblock; LVH, left 
ventricular hypertrophy; NT, not tested, 


branch block were excluded, pathologically tall 
R waves (R/S in V1 < 1) were present in three 
patients. In a further six, the R/S ratio in V1 
>0-5 mV whereas the R/S V1 ratio in controls 
was always <0-5 mV. In four patients Q waves 
were seen in the lateral leads (amplitude 
>0-5 mV in leads I and aVL) and in two of 
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these Q waves were also present in the inferior 
leads (amplitude >03 mV in leads II and 
aVF). A further three patients had small Q 
waves (0-2-0-5 mV) in the lateral leads. Q wave 
duration was between 20 ms and 40 ms and in 
only one of the seven was associated with R 
wave loss. One other patient had R wave 
voltage reduction in the anterior chest leads. T 
wave abnormalities were seen in three 
patients—associated with lateral Q waves in 
two and as a sole abnormality in the 
inferolateral leads in one other. Two patients 
had electrical voltage criteria for left ven- 
tricular hypertrophy without a strain pattern. 

There was no significant difference in the 
resting heart rates or the P wave duration 
between the two groups. The PR and PQ 
intervals were significantly shorter and the QTc 
intervals were significantly longer in patients 
with Becker muscular dystrophy (table 3), 
however. In four patients QTc was > 440 ms, 
and in two of these patients had intra- 
ventricular conduction delays. 

Since the effect of heart rate on the P/PQ and 
QT/PQ ratios has not been clearly established 
we compared the P/PQ and QT/PQ ratios in 
two heart rate bands (table 4). A patient with a 
resting heart rate of 100 beats/min was 
excluded from analysis. Significant differences 
in both these ratios were found between the 
Becker and control groups even when heart 
rates were matched in this way. No correlation 
was found between the QT/PQ or P/PQ ratios 
and the genetic deletion group or with left 
ventricular function as determined by frac- 
tional shortening. 


ECHOCARDIOGRAPHIC STUDIES 
No valve abnormality was detected in any 
individual. Left ventricular dilatation (LVIDd 
>95% of the predicted upper limit for body 
weight) was seen in seven of the 19 patients 
(table 2). None of the patients had left atrial 
enlargement. Delayed and reduced septal wall 
motion was noted in two patients—one with 
complete right bundle branch block and 
another with incomplete right bundle branch 
block. Regional wall motion abnormalities 
were not seen in any of the other subjects. 
Estimates of systolic function were sub- 
normal in 12 patients (table 2). As a group, the 


Table 3 Electrocardiographic values in patients with Becker muscular dystrophy and controls 








HR PR P PQ QTc 

(mm™') (ms) (ms) (ms) (ms) 
Becker ( = 19) 173-1 ara 134 1 (18 5)t 92 AH 9) 400(120 414 2 (21 A 7 
Controls (n = 22) 676(11 6) 156 0 (21-1) 97-6 (14 2) 584(164 400 8 (18 2 
CI -1 9to129 -34 5 to —9 4 —140t038 —27-6 to —9 2 0 9 to 258 





HR, heart rate; PR, PR interval; P, P wave duration; PQ, PQ interval; QTc, QTc mterval; CL, 95% confidence intervals. 


*p < 005, tp < 001 


Table 4 Comparison of P/PQ and QT/PQ ratios in two heart rate bans in patients uth Becker muscular dystrophy 











and controls 

HR 50-70 beats/man HR 71-90 beats|min 

n P/PQ QT/PQ a PIPQ QT/PQ 
Becker £ 2 56 (0 ne 10-40 (2:71)* 11 275 g 12)* 10-82 (3 82 
Controls 9 1 67 (0-44 7 38 (1 84) 11 1 83 (0 64) 6 72 (1 59 
CI 0 i8toló 06105 45 0-11 to 1-73 15167 


HR, heart rate, CI, 95% confidence intervals; p < 005, tp < 001. 
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Table 5 Echocardiographic values in patients with Becker muscular dystrophy and controls 





FS l mVcFe IRT Third filling 

(3%) ; (cm|s) (ms) BIA fraction 
Becker ( = 19) 23-47 (5-51)t 0 78 (0:18)t 54 20 (11:1) 2 16 (0 94) 0 58 (0-13)* 
Controls (n = 19) 32 89 (4 78) 1-07 (0-13) 50°79 (8 82) 2-10 (0 33) 0 67 (0-10) 
CI —128 to —6 0' — 04 to -0 19 —3 2 to 10 ~—0 42 to 0 53 —0-17 to —0 01 
FS percentage fractional sho. 


isovolumic relaxation time; BJA, 
*p < 005; tp < 001. 


patients with Becker muscular dystrophy had a 
significantly smaller shortening fraction and 
corrected mean velocity of circumferential 
shortening than the controls (table 5). 

Fractional shortening did not correlate with 
pulmonary function, age, the severity of 
skeletal muscle involvement, or the patients’ 
gene deletion site. 

The third filling fraction was significantly 
reduced in the Becker group, although other 
indices of diastolic function (isovolumic relax- 
ation time and E/A velocity ratio) were not 
significantly different from values in the controls 
(table 5). 


Discussion 
The prevalence, spectrum, and timing of onset 
of cardiac disease in Becker muscular dystro- 
phy has received little attention despite the 
recognised association with a dilated cardio- 
myopathy.7* We found a‘ surprisingly high 
frequency of electrocardiographic and echo- 
cardiographic evidence of important sub- 
clinical cardiac involvement in this condition. 

The electrocardiogram was abnormal in 
74% of patients, and this may be an early 
indicator of cardiac disease. Non-specific chan- 
ges, in particular intraventricular and right 
bundle branch block, were frequent (42%). 
Others have reported these changes in patients 
with Becker muscular dystrophy** and they 
may reflect damage to the intraventricular con- 
duction system, which is known to occur in 
patients with a dilated cardiomyopathy.” ” 
Such involvement may even lead to complete 
heart block? and should not be underestimated. 
Ambulatory electrocardiographic monitoring 
may provide additional information about 
disease of the conducting tissue in these 
patients. Specific changes were common (47%) 
and most often took the form of a “pseudo- 
infarction” pattern, comprising of narrow Q 
waves without associated R wave loss in the 
inferolateral leads (42%) and/or tall R waves 
in the right precordial leads (16%). These 
two types of abnormalities have been reported 
in patients with Duchenne muscular 
dystrophy” “ and in patients with Becker mus- 
cular dystrophy.?’° In Duchenne muscular 
dystrophy the histological basis for these chan- 
ges is diffuse myocardial fibrosis with a tendency 
for early involvernent of the posterobasal and 
adjacent free wall of the left ventricle." ° It is 
likely that the electrocardiographic abnor- 
malities see in Becker muscular dystrophy 
reflect a similar underlying disease process. 

In three patients with regional electro- 
cardiographic changes there was no demon- 
strable left ventricular dysfunction on echo- 


of the left ventricle; mVcFc, corrected mean velocity of circumferential fibre shortening; IRT, 
A velocity rano; CI, 95% confidence intervals. 


cardiography. Furthermore, in all nine patients 
with these abnormalities corresponding 
regional wall motion abnormalities were not 
detected. Thus the electrocardiogram may be 
very sensitive in detecting early ventricular 
pathology. 

QTc prolongation was present in 16% of 
patients and in all four patients was associated 
with appreciable left ventricular dysfunction. 
Thus it may provide additional evidence of left 
ventricular disease in patients with Becker 
muscular dystrophy. 

Nigro et al emphasised the value of the QT/ 
PQ ratio, the “cardiomyopathic index’’, as an 
early marker of cardiac involvement in the 
progressive X-linked muscular dystrophies. 
Our data confirm that this index and the P/PQ 
ratio are both increased in patients with Becker 
muscular dystrophy. The PQ segment was 
significantly shorter in Becker patients and 
accounts for the higher QT/PQ and P/PQ 
ratios. Shortening of the PQ interval and an 
increase of the P/PQ ratio are associated with 
either left atrial enlargement” or left atrial 
fibrosis.” Because the left atrial dimension was 
normal, in all of the patients studied, these 
electrocardiographic changes are likely to 
reflect left atrial fibrosis. No association was 
found between the QT/PQ ratio and left ven- 
tricular fractional shortening. Whereas the 
QT/PQ ratio may provide a useful indicator of 
atrial disease it should not be used alone to 
gauge the severity of overall cardiac 
involvement. 

Echocardiography showed that an unexpec- 
tedly high percentage of patients (67%) had 
subnormal left ventricular function. In addi- 
tion 31% had left ventricular dilatation. The 
severity of left ventricular disease was 
unrelated to age, and, more importantly, severe 
left ventricular impairment occurred in some 
patients in their teens and early twenties. We 
predict that such young patients, who often 
have only slight impairment of skeletal muscle, 
will develop congestive cardiac failure in the 
near future. There are considerable therapeutic 
implications in the management of such 
patients both before and after onset of cardiac 
symptoms. The possible benefits from the early 
use of vasodilator therapy in these patients will 
require proper evluation. Cardiac transplanta- 
tion may also be an effective treatment for those 
patients with cardiac failure refractory to 
medical treatment, who would otherwise have a 
reasonable life expectancy.* ? 

Left ventricular dysfunction is common in 
Duchenne muscular dystrophy” ” and it does 
not seem to be directly associated with res- 
piratory impairment.” We also found this to be 
true of Becker muscular dystrophy. It seems 


that in Becker muscular dystrophy the onset 
and progression of cardiac disease bear no 
relation to involvement of the skeletal and 
thoracic cage muscles. In addition, we did not 
find an association between left ventricular 
function and the underlying deletion on the 
Duchenne gene. Currently there is no evidence 
that the type of gene deletion is predictive of 
the extent of cardiac involvement. 

We used mitral inflow velocities to estimate 
the diastolic properties of the left ventricle. 
Abnormalities of diastolic function were expec- 
ted in those patients with a cardiomyopathy 
because they have extensive and diffuse ven- 
tricular fibrosis.” °? The third filling fraction was 
the only index of diastolic function found to be 
significantly different from indices in the con- 
trols. Echocardiographic evaluation of diastolic 
function may be influenced by atrial disease and 
compliance,” and this may account for the 
discrepancy in the results. We cannot draw 
conclusions about ventricular compliance from 
this study. 

Despite having considerable and often severe 
cardiac disease, most patients were free of 
cardiac symptoms. It has previously been sug- 
gested that the physical limitations imposed by 
the skeletal muscle disease in Duchenne mus- 
cular dystrophy protects the individual against 
the demands that may lead to cardiac symp- 
toms.” Although some of the patients with 
Becker muscular dystrophy experienced severe 
physical limitations, most were ambulant and 
active and yet they remained symptom free. 
Dyspnoea may be the earliest symptom of 
cardiac failure, but it may also be caused by 
respiratory impairment in patients with Becker 
muscular dystrophy. A detailed assessment of 
both systems is required to elucidate the 
aetiology of this symptom. 

Acute pericarditis occurred in 16%, a 
frequency that was greater than expected. In 
only one of the three patients was there detect- 
able myocardial involvement. Though acute 
pericarditis may be more frequent in Becker 
muscular dystrophy, it is not clear whether it is 
part of the spectrum of cardiac involvement in 
this disease. In conchusion, this study has 
shown that whereas most patients with Becker 
muscular dystrophy are free of cardiac symp- 
toms, subclinical cardiac disease is very com- 
mon: it may be severe and it may be present in 
adolescence. The electrocardiogram may show 
that the left ventricle is affected, with early 
evidence of abnormalities of the posterobasal 
and lateral wall, left atrial fibrosis, and conduc- 
tion tissue disease. The echocardiogram is 
essential in the assessment of left ventricular 
size and function. Careful follow up is required 
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to determine the rate of progression of cardiac 
disease in these patients. 


We thank Professor M Bobrow and colleagues (Guy’s Hospital 
Medical School, London) and Dr P N Strong and Dr Caroline 


Sewry (Neuromuscular Unit Laboratories, Royal Postgraduate 
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analyses, vely. 
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Influence of cardiopulmonary bypass on water 
balance hormones in children 


M Burch, L Lum, M Elliott, N Carter, D Slater, A Smith, A Ationu 


Abstract 

Objective—To determine the changes 
in the endocrine mechanisms of fluid 
balance after cardiopulmonary bypass 
in children. 

Design—Prospective study; analysis of 
numbered plasma samples performed 
blind with respect to clinical data. 

Setting—Regional paediatric cardio- 
thoracic unit. 

Patients—Nine patients, median age 4, 
range 2 to 9 years, five males. Patients 
under the age of 1 year were excluded 
because of the frequent blood sampling 
involved. 

Main outcome measures—Plasma con- 
centrations of atrial natriuretic peptide 
(ANP), arginine vasopressin, plasma 
renin activity, aldosterone, noradren~- 
aline and adrenaline, and urinary con- 
centrations of cyclic guanosine mono- 
phosphate (cGMP) as measured by 


radioimmunoassay. 
Results—After 30 minutes of gardio- 
pulmonary bypass plasma atrial 


natriuretic peptide (ANP) decreased 
from (mean (SEM)) 151 (71) pg/ml to 52 
(44) pg/ml (NS), and urinary production 
of its second messenger cyclic guanosine 
monophosphate (cGMP) decreased from 
1286 (600) pmol/mlI to 151 (414) pmol (p 
< 0:05). Other plasma concentrations of 
hormones studied did not change sig- 
nificantly although arginine vasopressin, 
adrenaline, and noradrenaline increased 
whereas aldosterone and plasma renin 
activity decreased. After cardiopulmon- 
ary bypass stopped there was an 
immediate and significant rise in plasma 
ANP, but within the next 24 hours 
plasma ANP declined significantly (p < 
0°05), decreasing from 294 (49) pg/ml to 
64 (29) pg/ml at 22 hours. In the post- 
operative period there was a significant 
correlation between plasma ANP and 
both mean fluid balance (r = 0°96, p < 
0-001) and mean urine output (r = 0:97, 
p < 0-001). Plasma aldosterone peaked 
(p < 0:05) at 22 hours after operation, 
and argine vasopressin peaked (p < 0-05) 
at two hours and then declined (p < 0-05) 
to a trough at 24 hours. Plasma renin 
activity, adrenaline, noradrenaline, and 
urinary cGMP concentrations, and mean 
central venous pressure did not change 
significantly in the postoperative period. 

Conclusion—The changes documented 
show the differing pattern of release of 


water balance hormones invoked by 
cardiopulmonary bypass. The central 
role of ANP is shown by its strong 
correlation with urinary output and its 
similarly strong relation to fluid balance. 


(Br Heart J 1992368 309-12) 


Cardiopulmonary bypass results in complex 
disturbances of homoeostatic mechanisms 
including complement activation and con- 
sumption,’ prostaglandin production, and 
secretion of vasopressin and catecholamines.’ 
Furthermore, the metabolic response to 
cardiopulmonary bypass is more severe in 
children than in adults.** Atrial natriuretic 
peptide (ANP) is a recently discovered hor- 
mone secreted primarily by atrial myocytes in 
response to local wall stretch and seems to be 
important in fluid homeostasis’; the 
physiological mechanisms for its release may 
be exaggerated in childhood.® Recent studies 
have examined the effect of cardiopulmonary 
bypass on ANP in adults,™™ but no previous 
studies have documented the effect of cardio- 
pulmonary bypass on ANP in children. We 
have therefore studied nine children under- 
going bypass and measured plasma concentra- 
tions of ANP. Also, we have measured other 
water balance hormones to provide a complete 
assessment of the effect of cardiopulmonary 
bypass on the homeostatic mechansism 
regulating water balance as this has not been 
previously undertaken in either adults or 
children. 


Patients and methods 

CHARACTERISTICS OF PATIENTS 

The parents of all the children involved in this 
study gave informed consent. The hospital 
ethics committee gave ethical approval. 

We investigated nine patients undergoing 
elective cardiac surgery. Their median age was 
4 (range 2 to 9) years and five were males. The 
surgery undertaken was: repair of atrial septal 
defect (three patients), repair of tetralogy of 
Fallot (two), repair of pulmonary atresia with 
ventricular septal defect with a right ven- 
tricular to pulmonary artery homograft (two), 
and total cavopulmonary connection (two). 


ANAESTHETICS 

We used a standard technique. Anaesthesia was 
induced with cyclopropane and oxygen, suxa- 
methonium (1 mg/kg/IV), and pancuronium 
bromide (0-1 mg/kg/IV) and maintained with 
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nitrous oxide and oxygen with intermittent 
pancuronium, fentanyl, or morphine. 


PERFUSION AND BYPASS 

A non-pulsatile roller occlusive pump main- 
tained perfusion flow rates at 2:4 1/m?/min 
except transiently. 

We used a hollow fibre membrane oxygenator 
with integral heat exchanger and venoarterial 
core cooling; cardioplegia was achieved with St 
Thomas’s No 2 solution. The pump prime had 
a volume of 1100-1600 ml and the crystalloid 
component consisted of plasmalyte A. Stored 
blood containing citrate, phosphate, and dex- 
trose was added in a volume calculated (from a 
standard nomogram relating surface area to 
prime volume) to a packed cell volume of 30% 
on bypass; 2500 U of heparin was added to each 
unit of blood and 1600 U to each 500 ml of 
crystalloid; 8:4% sodium bicarbonate was 
added to provide a pH between 7 3 and 7-4. 

As standard practice in our unit a Gambro 
FH 77 ultra filter with an effective membrane 
area of 1-4 m? was inserted between the arterial 
line of the bypass circuit and the cardiotomy 
reservoir. The system was topped up with 
plasmalyte A as the filtrate was formed until 
1400 mi of filtrate had been discarded. This 
volume has been shown to produce a satisfac- 
tory reduction in the metabolic load of the 
pump priming fluid. Perioperative fluids consis- 
ted of plasmalyte A, plasma protein fraction, 
fresh frozen plasma, and blood as indicated by 
the clinical condition of the patient. On transfer 
to the intensive care unit 5% glucose in water 
was infused at 20 ml/m*/hr. Potassium chloride 
was added to maintain plasma potassium con- 
centrations between 4-0 and 5-0 mmol/l. Blood 
or plasma protein fraction were used for 
volume replacement to maintain a packed cell 
volume > 35%. 


BLOOD SAMPLING i 
Blood samples were taken from indwelling 
arterial cannulae after induction of anaesthesia. 
Previous studies have shown that the metabolic 
disturbances are largely complete by six 
hours, but we extended the sampling period 
to include the first 24 hours after operation. 
Samples were taken after sternotomy, at the 
start of bypass, every 15 minutes during 
' bypass, and at the end of bypass. Subsequent 
samples were taken at two, six, 12, 16, 22, and 
24 hours after the end of bypass. Blood was 
collected in tubes containing ethylenediamine- 
tetracetate (EDTA), centrifuged, and plasma 
was removed and frozen at —70°C. As larger 
volumes of plasma were needed for analysis of 
adrenaline and noradrenaline postoperative 
sampling was lumited to six, and 24 hours. Also, 
urine for cyclic guanosine monophosphate 
(cGMP) analysis was collected less often. 
Urine output and fluid balance were ex- 
pressed as ml/kg/hr, and were measured for the 
hour before plasma sampling, when no diuretic 
was given. The fluid balance represented net 
balance of crystalloid and colloid losses includ- 
ing that from chest drains, but insensible losses 
were not included. Mean values of urinary 


output and fluid balance were calculated for 
each sampling period. 

Fluids were restricted to 50 ml/kg of 
crystalloid/24 hr for all patients, although 
colloid was given as required. 


RADIOIMMUNOASSAY (RIA) PROCEDURES 

Plasma atrial natriuretic peptide (ANP) and 
arginine vasopressin (AVP) were initially 
extracted in C, reversed phase columns 
(Analytichem International), and their concen- 
trations were then measured by specific RIA as 
we described for ANP? and AVP.” Plasma 
aldosterone was assayed with a commercially 
available RIA kit according to the manufac- 
turers’ instructions (Biogenesis Ltd). The 
plasma renin activities (PRA) were determined 
by the method supplied by the Regional 
Chemical Pathology Unit, St Mary’s Hospital, 
Paddington, London. Urinary cGMP was 
measured directly in urine by RIA with a 
commercial kit (NEN Research Products, Du 
Pont UK Ltd). 


HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 
(HPLC) : 

Plasma adrenaline and noradrenaline concen- 
trations were measured by HPLC with electro- 
chemical detection after initial extraction of 
plasma on alumina columns (Laboratory 
Impex). The system was a 114M solvent 
delivery module with an injection valve fitted to 
a 50 yl sample loop with a stainless steel 
analytical column (25cm x 4:6 mm) (Beck- 
man), carrying a 5cm x 4.6mm internal 
diameter guard column packed with pellicular 
Cis ODS (Whatman). 

The electrochemical detector was an ESA 
Coulochem model. The mobile phase con- 
tained 40 mM citric acid, 80 mM sodium 
acetate, 60 mM sodium hydroxide, 370 mg/l 
EDTA, 280 mg/l heptane sulphonate (ion pair 
reagent), and 10% methanol as organic 
modifier. Standard adrenaline and noradren- 
aline (500 pg/50 ul) and extracted plasma 
(50 ul) containing internal standard were injec- 
ted into the HPLC system. 


STATISTICAL ANALYSIS 
Data are presented as mean (SEM) where 
appropriate and correlations were obtained by 


e Mean ANP (pg/ml) 
© Mean AVP (pg/ml) 
0 Mean CVP (mm Hg) 








Figure 1 Changes in mean values of plasma ANP, 
plasma arginine vasopressin (AVP), and central venous 
pressure (CVP) against time during bypass 
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Figure 3 Changes in 
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the least squares method. A p value of <0-05 
was rn as statistically significant. 


Results f 

CARDIOPULMONARY BYPASS 

Figures 1 and 2 show changes in mean plasma 
concentrations of ANP, arginine vasopressin, 
aldosterone, adrenaline, and noradrenaline, 
and plasma renim activity. Mean concentra- 
tions of urinary cGMP are also shown. Results 
are given up to one hour of bypass although 
only two patients continued to require bypass 
for that period. Plasma ANP decreased during 
bypass and increased significantly (p < 0°05; 
fig 3) when bypass stopped. Urinary cGMP 


` decreased significantly (p < 0-05), during 
bypass, reflecting the changes in ANP. Central ` 


venous pressure declined and then increased as 


atrial emptying and filling occurred. Plasma’ 


arginine vasopressin, adrenaline, and ñor- 
adrenaline increased during bypass where 
aldosterone concentration and plasma renin 


“activity decreased; none of these changes 


reached statistical significance. 


POSTOPERATIVE PERIOD 

Figures 3 and 4 show changes at the end of 
bypass and during the subsequent 24 hours in 
the values already discussed. The significant 
increase in plasma ANP. and urinary cGMP 
after the end of bypass lagged behind the 
increase in méan central venous pressure. 
Aldosterone. concentration and plasma renin 
activity increased and arginine vasopressin 


decreased after bypass but these changes were _ 


not significant. Over the next 24 hours 


ANP concentration declined significantly ` 
` (p < 0-05), to a trough at 22 bones ther 


increased at 24 hours. 
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Figure4 Changes in means for ANP concentration 
mean cumulative fluid , mean urinary output, 
Ganira venos pressure (CVP), and urmary cGMP 
concentration with time after operation. 


The changes in plasma ANP correlated sig- 
nificantly with mean fluid balance (r = 0-96, 
p < 0-001; fig 5), but not with mean central 
venous pressure (r = 0-2, p = 0-6). Plasma 
aldosterone and plasma renin activity increased 
during the postoperative period. Aldosterone 
concentrations peaked significantly (p < 0-05) 
at 22 hours in relation to that immediately after 
bypass and plasma renin activity peaked at 16 
hours. Arginine vasopressin concentration sig- 
nificantly decreased (p < 0-05) toa trough at 24 
hours after peaking two hours after the end of 
bypass. Mean cGMP also declined in the 
postoperative period but increased again at 24 
hours, although none of these changes were 
significant. Mean central venous pressure did 
not change significantly in the postoperative 
period. Mean adrenaline and noradrenaline 
were measured less frequently after operation 
because of the increased volume of plasma 
required for the assay. The six hour post- 
operative mean concentration of adrenaline 
was 1633 (208) pg/ml and noradrenaline 610 
(169) pg/ml, whereas the corresponding 24 
hour concentrations were 838 (123) pg/ml and 
367,(180) pg/ml. After operation only ANP had 
a significant correlation with urinary output 
(r = 0-97,p < 0-001; fig 6). Arginine vasopres- 
sin (r = 0°6, p = 0-1) and cGMP (r = 0-5, 
p = 0:5) concentrations had non-significant 
positive correlations and aldosterone concen- 
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Figure 6 Correlation 
between mean plasma 
ANP concentration and 
mean urinary output. 
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tration (r = — 0-5, p = 0-1) and plasma renin 
activity (r = —0-5, p = 0 2) non-significant 
negative correlations with urinary output. 
Similarly, there were non-significant negative 
correlations between ANP and plasma renin 
activity (r = —0-6, p = 0-02) and aldosterone 
(r= —0-7, p=01) and non-significant 
positive correlations between ANP and cGMP 
(r = 0-5, p = 02) and arginine vasopressin 
(r = 0-6, p = 0-2). ‘ 


Discussion 

We have shown the different pattern of release 
of water balance hormones in response to 
cardiopulmonary bypass in children. Changes 
in plasma ANP are of interest in that the 
pattern is consistent and- thus predictable. 
During cardiopulmonary bypass concentra- 
tions decreased as the atria were emptied and 
significantly increased as the heart was filled at 
the end of bypass, as would be expected if ANP 
is secreted by atrial myocytes in response to 
local wall stretch.” Wall stretch is produced by 
increasing intravascular volume and thus the 
physiological release mechanism for ANP was 
shown by the strong correlation between ANP 
and mean fluid balance in the postoperative 
period. The narrow band of change in central 
venous pressure probably explains the far bet- 
ter correlation between ANP and mean fluid 
balance. f , . 

The decline in plasma ANP was shown to be 
a function of decreasing intravascular volume 
therefore confirming that the decline in ANP is 
only rarely related to atypical tamponade. 
Furthermore, the pattern of ANP release seems 
predictable despite known variations according 
to the intracardiac repair.’ ' 

The postoperative rise in aldosterone and 
renin may be explained by the inhibitory effect 
on their release by ANP,” although it may also 
be explained by the fluid restriction in the 
postoperative period. The peaks in arginine 
vasopressin concentration coincided with 
declines in ANP. This may be predicted as 
ANP also inhibits arginine vasopressin 
release.'® Overall, however, arginine vasopres- 
sin tended to decrease after operation and hada 
weak positive correlation with ANP. Changes 
in urinary cGMP reflected changs-in plasma 
ANP, as would be expected if it is the second 


13 14° 


messenger for ANP.” As with all other hor- 
mones measured the correlation with ANP did 
not reach statistical significance. 

Although positive (arginine vasopressin and 
cGMP) and negative (plasma renin and aldos- 
terone) relation with urine output were 
documented none reached statistical sig- 
nificance. The only hormone that had a positive 
correlation with urinary output was ANP 
(r = 0:97, p < 0-001). This illustrates its 
known diuretic action.” 

Our results show a pattern of change in water 
balance hormones after cardiopulmonary 
bypass in children and provide a useful 
framework for therapeutic intervention that 
with the use of angiotensin converting enzyme 
inhibitors‘and possibly intravenous ANP” is 
increasingly targeted at the endocrine system. 
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Magnetic resonance imaging of hearts with 
atrioventricular valve atresia or double inlet 


ventricle 


I C Huggon, E J Baker, M N Maisey, A P Kakadekar, P Graves, S A Qureshi, M Tynan 


Abstract 

Objective—To investigate the effective- 
ness and limitations of magnetic reson- 
ance imaging in defining cardiac 
anatomy in patients with double inlet 
ventricle or atrioventricular valve 
atresia. 

Design—Magnetic resonance images 
were reviewed retrospectively without 
reference to other morphological data. 

Setting—A tertiary referral centre for 
paediatric cardiology. 

Patients—18 patients (aged 8 days to 27 
years) with a suspected univentricular 
atrioventricular connection. 

Methods—Imaging by a 1:5 T whole 
body magnetic resonance system with 
imaging planes adjusted to individual 
patient anatomy to best define the car- 
diac morphology. A complete sequential 
diagnosis obtained from an independent 
interpretation of the images was com- 
pared with the diagnosis obtained from 
cross sectional echocardiography and 
angiocardiography. 

Results There was substantial accord 
between the diagnosis from magnetic 
resonance alone and that from other 
methods. In the six instances where there 
was not accord the magnetic resonance 
diagnosis was considered to be correct in 
two cases and incorrect in three cases. In 
the remaining case no consensus could 
be reached. In eight patients magnetic 
resonance imaging provided anatomical 
information additional to that from 
other methods. The strengths of mag- 
netic resonance were in imaging the pul- 
monary arteries and their abnormalities 
and identifying juxtaposed atrial appen- 
danges but there were some deficiencies 
in identifying Blalock-Taussig shunts. 

Conclusion—Magnetic resonance 
imaging provided detailed information 
about all aspects of cardiac morphology 
in patients with a suspected diagnosis of 
univentricular atrioventricular connec- 
tion. Often it provided additional in- 
formation to echocardiography. Its use 
in selected patients should give valuable 
complementary information. 


(Br Heart J 1992;68:313-9) 


The optimum management of patients with 
congenital heart disease depends on obtaining 


a precise anatomical diagnosis.'? While cross 
sectional echocardiography remains an 
important technique for obtaining this 
anatomical information, magnetic resonance 
imaging has recently been shown to be an 
invaluable adjunct in the assessment of con- 
genital malformations of the heart and great 
vessels.>> In this study we review our 
experience with magnetic resonance imaging 
in the diagnosis of congenital cardiac malfor- 
mations in which there was an abnormality of 
atrioventricular connection. In each patient a 
diagnosis of univentricular atrioventricular 
connection was considered in the initial dif- 
ferential diagnosis, though in some cases the 
final diagnosis was revised. The diagnoses 
made by magnetic resonance imaging were 
compared with those made by echocardio- 
graphy, and where applicable, by angio- 
cardiography. 


Patients and methods 

Eighteen patients (aged eight days to 27 years, 
median 2:5 years) underwent magnetic reson- 
ance imaging with a 1:5 T whole body imag- 
ing system (Gyroscan, Philips Medical 
Systems). We sedated the younger children 
with chloral hydrate (100 mg/kg) or chloral 
hydrate (75 mg/kg) combined with trime- 
prazine (2 mg/kg). The scans were gated from 
the electrocardiogram by means of electrodes 
placed close to the cardiac apex to reduce flow 
distortion of the signal. The trigger delay time 
was 15 ms. All of the patients were in sinus 
rhythm except one who had complete heart 
block with a regular ventncular rate of 
70/min. A Tl weighted spin-echo sequence 
was used in all of the patients. Echo times 
were 20 or 30 ms and the time to repeat was 
determined by the software based on the 
patients heart rate and varied between 312 and 
500 ms. Generally, four phase encoding steps 
were used, but where this would have entailed 
an acquisition time of more than about six 
minutes only two were used. The field of view 
ranged from 101 to 450mm and the final 
matrix size was 256 by 256. Infants were 
imaged inside a proton head coil, and a body 
coil was used for the larger children and 
young adults. Each patient was first scanned in 
a coronal plane in a non-gated mode and the 
resulting images were then used to plan the 
plane of subsequent scans. Magnetic reso- 
nance imaging allows scanning in any plane 
and the simultaneous acquisition of several 
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parallel image slices within that plane. Angles 
and offsets of the individual imaging planes 
were selected for each patient by a cardiologist 
present at the investigation, in the light of 
previously acquired images and knowledge of 
the anatomy already established including the 
results of previous echocardiography. The 
planes were chosen first to image areas of the 
anatomy about which there was most uncer- 
tainty, other areas being imaged as time 
allowed. The slice thickness ranged from 
5 mm to 10 mm and was chosen according to 
the size of the patient. Thinner slices can 
resolve smaller structural details than thicker 
slices but are associated with a higher signal to 
noise ratio and deterioration in image quality. 
The number of slices in a particular plane was 
chosen to include all areas of interest. 

We studied patients with an abnormality of 
atrioventricular connection in whom a diag- 
nosis of a univentricular atrioventricular con- 
nection was considered in the initial differen- 
tial diagnosis. Limited access to MR imaging 
sessions meant that only about half the 
patients eligible for inclusion in the series 
during the period of the study could be 
scanned. Patients in whom more complete 
definition of the complex cardiac anatomy was 
required were selected for magnetic resonance 
imaging. In several patients, determination of 
the anatomy of the pulmonary arteries was the 
main object of the scan and defining the 
intracardiac anatomy was a secondary con- 
sideration. No patient had had definitive sur- 
gery before scanning but 11 had previously 
had one systemic to pulmonary shunt and two 
patients had had two shunts. Two patients 
had had pulmonary artery banding, one an 
atrial septectomy, and one repair of coarc- 
tation. All patients had clinical evaluation and 
cross sectional and Doppler echocardio- 
graphy. Angiocardiography was performed 
when clinically indicated. 


Table 1 Sequential segmental diagnosis from magnetic resonance tmagrng 


Patent Atrioventricular 
connection 


1 DIRV 

2 Absent nght 

3 Absent nght 

4 DILV 

5 Absent nght 

6 DILV 

7 DILV 

8 DILV 

9 Absent right 
10 Concordant 
il Absent right 
12 Concordant 
13 DILV 
14 Absent right 
15 DILV 
16 Absent right 
17 DIRV 
18 Concordant 





Ventriculoarterial 
connection Comments 
Double outlet mght Common atrioventricular valve 
ventricle 
Discordant Double inlet left ventricle on 
echocardiography 
Double outlet right Hypoplasuc right atrioventricular valve and 
ventricle ' concordant atrioventricular connection 
Discordant 
Concordant Pulmonary atresia 
Discordant Right ventricle to the left of left ventricle 
Discordant 
Double outlet mght Juxtaposed atrial appendages 


Concordant 
Concordant Juxtaposed atrial appendages, imperforate 
night atrioventricular valve 
Concordant Pulmonary atresia 
Double outlet right Imperforate left atrioventricular valve 
ventricle 
Concordant Common atrioventricular valve 
Concordant 
Single outler right Pulmonary atresia 
ventricle 
Concordant 
Concordant Double inlet left ventricle on angiogram 
Concordant Pulmonary atresia, imperforate night 


atrioventricular valve 


DIRV, double inlet left ventricle; DILV, double inlet left ventricle. 
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INTERPRETATION OF THE MAGNETIC RESONANCE 
SCANS 

The images were acquired with.the help of any 
available diagnostic information on the patient. 
For the purposes of this study, however, they 
were reviewed without reference to any 
previous information available on the patients. 
Each scan was reported according to the fol- 
lowing protocol. First the technical details of 
the scan acquisition were noted. Then the 
cardiac morphology was analysed by the 
sequential approach and the associated 
anomalies were recorded as follows. 


Venous connections 

Systemic and pulmonary veins were identified 
on the images and each followed to its draining 
atrium, which was then identified as described 
below. 


Atrial anatomy 
The atrial arrangement was assessed according 
to the morphology of the atrial appendages, the 


‘ right atrial appendage being identified by a wide 


base and triangular shape and the left by a 
narrow base and tubular shape. The relation of 
the great vessels at the level of the diaphragm 
and the anatomy of the bronchi were recorded 
where available. Defects within the atrial sep- 
tum were noted. 


Atrioventricular connection 

The atrioventricular connection was deter- 
mined by identifying the number of atrio- 
ventricular valves present and the morphology 
of the atria and the ventricles that they connec- 
ted. Where a ventricular cavity was separated 
by tissue from an atrial cavity, the intervening 
tissue was identified either as an extension of 
bright fatty -sulcal tissue, indicating an absent 
connection, or as an imperforate valve. 


Ventricular anatomy 

The ventricular morphology was identified 
primarily by the trabecular pattern. In cases of 
uncertainty the shape of the ventricles, their 
relative positions, and the number and the 
insertion of the papillary muscles were con- 
sidered. The site and size of any ventricular 
septal defects were noted. 


Ventriculoarterial connection 

The pulmonary artery and aorta were identified 
by their location and branching patterns and 
traced back to the ventricle of origin by follow- 
ing their course through several image slices if 
necessary. The presence of a complete mus- 
cular infundibulum and of stenosis or atresia 
were documented. 


The great arteries 

The relation of the aorta and the pulmonary 
artery at the valve level were established. The 
course of the aortic arch was followed for any 
abnormality. The pulmonary artery and its 
main branches were identified iri transverse and 
oblique sagittal or coronal images. The size of 
the arteries and any stenosis were recorded. 
Aorto-pulmonary shunts, when present, were 
identified on these images. 
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Table 2. Additional information from magnetic 
resonance imaging 
Patient 
number Additional information obtained 
4 Pulmonary artery anatomy shown more clearly than 
on angiography 
5 Left pulmonary artery stenosis associated with left 
Blalock shunt 
x Juxtaposed atrial appendanges 
9 Stenosis of the left pulmonary artery 
10 Juxtaposed atrial appendanges 
11 Absent left pulmonary artery 
14 Pulmonary artery anatomy demonstrated (no 
angiogram performed) 
15 Absence of substantial central pulmonary arteries 


later confirmed by angiogram) 





The images were reviewed by considering 
each set of slices together and following struc- 
tures identified in one slice through the adjacent 
slices in order to appreciate fully the relation 
and connections. 

Subsequently the results of this assessment 
of the magnetic resonance diagnosis were com- 
pared with the diagnoses made by echocardio- 
graphy and angiocardiography. Where the 
diagnoses from magnetic resonance imaging 
and from other techniques did not accord the 
information from the magnetic resonance 
imaging, echocardiography, and angiocardio- 
graphy was reviewed together by two of the 
authors to arrive at a consensus diagnosis. 
Necropsy results were reviewed where avail- 
able. 


Results 

Scans of diagnostic quality were obtained in all 
the patients. Table 1 summarises the findings in 
individual patients. There was considerable 
motion artefact in four of the studies but this 
did not affect interpretation of the scans. 

In 12 of 18 patients there was no substantial 
discord between the initial interpretation of the 
magnetic resonance scan and the information 
available from cross sectional echocardio- 
graphy and angiocardiography. In six of 18 
cases there was substantial discord. In eight of 
18 patients the magnetic resonance scan 
provided additional anatomical information 
not available from the other techniques (table 
2). In those patients in whom examinations did 


Table 3 


Lack of accord between magnetic resonance imaging and other techniques 


ee aaaaaaaaaaaaamamamamamamamamsmsmnaiÃÅț 





Patient Diagnosis from Diagnosis from Concluston from 
number magnetic resonance other techniques consensus diagnosis 
2 Absent right AV Double inlet left Magnetic 
connection ventricle resonance 
misinterpreted 
3 Absent right AV Hypoplastic right AV Magnetic 
connection valve resonance 
misinterpreted 
3 Right atrial isomerism Usual atrial arrangement Magnetic 
resonance 
misinterpreted 
8 Double outlet right Double outlet left Magnetic 
ventricle ventricle resonance 
correct 
12 Imperforate left AV Absent left AV Magnetic 
valve connection resonance 
correct 
17 Double inlet right Double inlet left Undecided 


ventricle concordant 
VA connection 


ventricle discordant 
VA connection 


— 
AV connection, atrioventricular connection; VA connection, ventriculoarterial connection. 





Figure 1 A sagittal slice from the scan of patient 1 
showing the connection of inferior and superior cava 
veins to the right atrium 


not accord a consensus diagnosis reached after 
consideration of all the available informatior 
indicated that the magnetic resonance diag 
nosis was misleading in three patients but 
correct in two. In the remaining patient 4 
consensus could not be reached because the 
angiographic and magnetic resonance finding 
were contradictory (table 3 

Postmortem pathology was available 
one of the patients (patient 13, tab! and thi 
confirmed correct interpretation of the 
netic resonance scan. 


n oniy 


mag 


VENOUS CONNECTIONS 
In 17 of the 18 patients the drainage of th 
superior and inferior caval veins into the rigł 
atrium (fig 1) and of the pulmonary veins int 
the left atrium (fig 2) was clearly shown. Scar 
of the remaining patient showed the inferi 
caval vein draining to the right atrium but th 
superior caval veins and pulmonary veins wer 
not seen completely. A left-sided superior cava 
vein known to be present from 
graphy in one patient was not 


schocardic 


noted on th 





Figure 2 Drainage of pulmonary veins into the 
atrium in patient 16. Right atrial appendage (indicate 
by the arrow), a large atrial septal defe ind dominar 


left ventricle are also shown 
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Figure 3 

Morphologically left atrial 
appendage, indicated by 
the arrow, shown 
connecting to the dilated 
left atrium of patient 14, 


Figure 4 Absent right 
connection. Sulcal fat can 
be seen as a bright line 

arrow) separating the 
right atrium from the 
small right ventricle. Right 
atrial appendage ts also 
shown and the 
morphological left 
ventricle can be 
distinguished from the 
smaller morphological 
right ventricle (patient 
14). 





magnetic resonance images on the first inter- 
pretation but was identified on further review of 
the images. 


ATRIAL ANATOMY 

In all of the patients the relation of the aorta and 
the inferior caval vein at the diaphragm could 
be clearly demonstrated on transverse, coronal, 
or serial sagittal views. 

In 11 of the 18 patients, both the atrial 
appendages could be identified as either mor- 
phologically right or left (figs 2 and 3). In a 
further six patients a morphologically right 
atrial appendage was shown on the right side 
but the left sided atrial appendage was not 
clearly shown. In one patient neither atrial 
appendage was adequately imaged. Of the 11 
patients in whom both atrial appendages were 
identified one was initially considered to have 
right isomerism of the atrial appendages on the 
basis of the magnetic resonance scan alone but 
the diagnosis was revised to the usual 
arrangement when all the information was 
considered. The remaining 10 all had usual 
atrial arrangement. Two of the patients with 
the usual atrial arrangement had unsuspected 


juxtaposition of the atrial appendages. In one of 


these patients, surgical confirmation was avail- 
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able and in the second the magnetic resonance 
images provided the only evidence of juxta- 
position. 

The relative sizes of the atria were well seen 
in all of the patients. In seven a large atrial 
septal defect was shown but in the remainder it 
was not possible to confirm or exclude a defect. 
Because of its thinness relative to the thickness 
of the image slices, the atrial septum is subject 
to “dropout” on magnetic resonance images 
that is analogous to that seen with cross sec- 
tional echocardiography. 


ATRIOVENTRICULAR CONNECTION 

Magnetic resonance imaging showed the 
atrioventricular connection in all 18 patients. 
In 16 of these the initial interpretation of the 
images was correct whereas in two it was 
incorrect (one with a double inlet left ventricle 
and one with a hypoplastic right atrioven- 
tricular valve with concordant connection). 

Of the 16 patients eight had double inlet 
ventricle, five had absent right-sided connec- 
tion (fig 4), and three had concordant connec- 
tion, but with an imperforate right-sided 
atrioventricular valve in two and an imper- 
forate left sided atrioventricular valve in one (fig 
5). The latter patient (patient 12, table 3) had 
been considered to have an absent left atrio- 
ventricular connection on echocardiography 
but was confirmed to have an imperforate valve 
after review of all the diagnostic information. 

In six of the seven patients with double inlet 
left ventricles, the atrioventricular connections 
were correctly identified; the seventh was 
initially misinterpreted as an absent right con- 
nection on the magnetic resonance images 
(patient 2, table 3). Two patients had double 
inlet right ventricle diagnosed on magnetic 
resonance imaging. The diagnosis in one of 
these was confirmed by the other techniques but 
no consensus was reached about patient 17 
because the angiograms seem to suggest a 
diagnosis of double inlet left ventricle. 

In one patient the anatomy by magnetic 
resonance was thought to be that of absent right 
connection but on review the echocardio- 
graphic diagnosis of hypoplastic right atrio- 
ventricular valve was correct and the magnetic 
resonance images had been misinterpreted. 





Figure 5 
(patient 12). Note the absence of penetration of sulcal fat 


Imperforate left atrioventricular valve 


to the crux of the heart (arrow) in contrast to the absent 


right connection in fig 4. 
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Figure 6 Oblique sagittal 
view of patient 17 showing 
a small smooth-walled left 
ventricle posteriorly and 
trabeculated right ventricle 
anteriorly. The angiogram 
was more suggestive of 
double inlet left ventricle 
than the double inlet right 
ventricle indicated by the 
magnetic resonance images. 
Right and left atrial 
appendages and a 
ventricular septal defect 
are also shown. 


Figure 7 Double outlet 
from the right ventricle in 
patient 1. Posterior great 
artery can be clearly 
identified as an aorta by its 
continuity with a carotid 
artery. This patient also 
has a double inlet to the 
right ventricle with a 
common atrioventricular 
valve. 





VENTRICULAR MORPHOLOGY 

The ventricular morphology of one or both the 
ventricles could be determined by magnetic 
resonance in all patients. In 16 of the patients 
we determined the morphology by the 
trabecular pattern and in two by taking other 
features into account. 

In eight patients the characteristic trabecular 
pattern could be identified in both the ventricles 
(figs 4 and 6), though in one of these patients 
(patient 17, table 3), with a double inlet connec- 
tion, the angiographic and magnetic resonance 
findings were conflicting. In a further eight 
patients only the left ventricular trabeculations 
were identified, the right ventricle being very 
small. In the remaining two patients the 
trabecular pattern was not identified with cer- 
tainty, but the ventricular morphology was 
inferred from the shape and the relative posi- 
tions of the ventricles. 

The predominance of patients with uni- 
ventricular atrioventricular connection made 
the use of papillary muscle numbers and site of 
insertion as an indication of ventricular mor- 
phology inapplicable in most cases. In only five 
of the 18 patients were two distinct papillary 
muscles seen in the left ventricle and the septal 
attachments of the tricuspid valve tensor 
apparatus were seen in only three patients. 








Figure 8 Left pulmonary artery in patient 3 can be seen 
to be distorted and stenosed at the site of a f 
Blalock-Taussig shunt 


RELATIVE POSITIONS OF THE VENTRIK 


The right ventricle was anterior and/or 
superior to the left ventricle ir In the 
remaining patient, with dextrocardia and 
double inlet left ventricle, the right ventricle 
was directly to the left of the morphologically 


left ventricle (patient 6). 


VENTRICULAR SEPTAL DEFECTS 
The site and size of a ventricular septal defect 
was determined in 14 patients but 





the defect were not sufficiently well defined to 
determine the size or position of a defect in th 
remaining three where a defect was known to b 
present. 


VENTRICULOARTERIAL CONNECTIO? 
In all of the patients the type of the ventricul 
arterial connection was correct 
(table 1). Nine patients 
ventriculoarterial connection, four had a dis 
cordant connection, four had a double 
right ventricle and one had a single outlet ac 
arising from the right ventricle. Figure 7 shows 
the double outlet right ventricle in patien In 
one patient (patient 8) the echocardiogran 
suggested double outlet left ventricle, but the 
magnetic resonance imaging showed double 
outlet right ventricle, which was the rrect 
diagnosis on review 

The infundibular morphology w ve 
demonstrated in all the patients. Four patients 
had a bilateral complete muscul fundi 
bulum, of whom two had a double outlet right 
ventricle and one had a concordant and - 
discordant ventriculoarterial connection. All of 
the three patients with only ubaortic 
infundibulum had discordant ntr 
arterial connection. A complete subpulmonary 
infundibulum was identified in the remaining 
11 patients. 


had mcordant 





GREAT ARTERIES 

The relation of the great arteries at the leve 
their valves was defined in all patients except 
one, in whom the main pulmonary artery was 
entirely absent. The aorta was posterior and t 
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‘the right of the pulmonary, artery in, seven y 


patients, anterior and to the left in four, 
anterior and to the right in three, and directly“ 
anterior in three. 


._ Huggon, Baker, Kakadekar, Qureshi, Tynan 


‘demonstrated their. complex 2 anatomy. To 


- achieve this we avoided restricting ourselves to 
the use Of fixed orthogonal planes, with which 
others have reported limited success.** The 


“+ major advantages of magnetic resonance imag- 


‘AORTIC ARCH- : 

The aortic arch- was right sided i in four patients 
(three with discordant and one with concordant ^ 
ventriculoarterial connection) and left sided in 
the. remaining 14. In 11 patients the arch was 
‘widely patent throughout its course. In one’ 


_ patient the aortic wall was irregular because ofa ° 
‘previous coarctation repair but the aortic 


lumen was adequate. In the remaining six- 
patients views of the complete arch were not. 
obtained. . 


AORTOPULMONARY SHUNTS 

Thirteen patients had shunts, in two cases 
bilaterally. A right Blalock-Taussig shunt was 
seen on the scans of three patients, a left 


Blalock-Taussig shunt in six, and none in nine ‘ 


(fig 8). Ona further review of the scans when the ' 
information about the presencé of shunts was 
available to the observer, three of the six shunts 
missed on the first review could be identified: 
the remaining three shunts had not been 


imaged. 


PULMONARY ARTERIES 
In 14 patients the pulmonary arteries were seen 
well enough to assess their size and in four 
patients one or both pulmonary arteries were 
not visualised. In two of these four patients, the 
pulmonary artery was absent on angiography. 
In the remaining two the failure to identify the 
pulmonary arteries was attributed to the 
optimum image planes not being selected. 
Discrete stenosis was shown in the left 
pulmonary artery in four patients and in the 
right pulmonary artery in two (fig 8). In one 
patient the main pulmonary artery was absent 
and in tworthe site of a pulmonary artery band 
was seen. It was generally possible to image the 


tight and left pulmonary arteries as far as the 


division of the major branches, the limiting 
factor being respiratory movement that blurred 
the image distally. 


Discussion 

Magnetic resonance imaging is a safe, non- 
invasive method of obtaining anatomical infor- 
mation in congenital heart disease and is 
applicable to all ages. It was shown to be of 


' value initially in patients with coarctation of the 


aorta and ventricular septal defect?**° and sub- 
sequently in patients with atrioventricular sep- 
tal defect’ and patients with double outlet right 
ventricle.’ In this study we investigated the role 
of magnetic resonance imaging in patients with 
suspected univentricular atrioventricular con- 
nection. Our aim was not only to study the 
atrioventricular connection itself, but also to 
study the associated features that contribute to 
a full anatomical description and which may 
influence the subsequent clinical management. 

We showed that high resolution images can 
be obtained in patients with a wide range of age 
and build and we successfully and satisfactorily 


_ ing over both cross sectional echocardiography 


and’ angiocardiography are that any plane or 
series of planes of the heart can be imaged, 
irrespective of the nature and depth of the 
interposed tissues such:as fat and lung, thus 


' providing an unlimited “window” of access. 


We planned each set of imaging planes 
‘separately, bearing. in mind the anatomy 
already'established for the patient, the position 


`of the” recognised landmarks on the images 


already obtained, and the aspects of the 
anatomy that, required clarification. Optimum 
imaging sometimes required scanning planes 
that were obliqie--or double oblique with 
respect to the orthogonal planes. Thus during 


the scanning, the presence of a paediatric 


cardiologist with a thorough knowledge of the 
three dimensional-anatomy of the heart was 
essential to plan the subsequent imaging 
planes. At the outset, it was important to 
concentrate on obtaining the appropriate 
images to clarify the anatomical issues in ques- 
tion. For example, to obtain satisfactory views 
of both the pulmonary arteries, transverse 


- images that included the pulmonary artery 


bifurcation were followed up by oblique sagit- 
tal or coronal scans planned parallel to the right 
and left pulmonary arteries based on the 
transverse images obtained. However, usually a 
review of the images after a scan had been 
completed showed considerable additional 
information on the anatomy that had not 
specifically been sought. Furthermore, in 
several instances the magnetic resonance 
images provided information additional to that 
available from angiocardiography and cross . 
sectional echocardiography alone (table 2). For 
exainple, the atrial morphological arrangement 
could often be determined directly from the 
scans rather than from potentially unreliable 
inference from the visceral or bronchial 
arrangement.” However, particular care was 
required in interpretation, because in one case a 
left atrial appendage was mistakenly identified 
as a right one because of its oblique plane of. 
section in the image. Juxtaposition of the atrial 
appendages was shown in two patients in whom 
this anomaly had not previously been suspec- 
ted by echocardiography or’ angiocardio- 
graphy. Such information could have been 
obtained angiographically, but only by using 
extra contrast injections and increasing the 


‘fluoroscopy. time. 


Failure..of Magnetic resonance imaging to 
demonstrate the anatomy correctly was 
attributable to inadequate views and/or mis- 
interpretation of-the scans. For instance, 
Blalock-Taussig shunts present on the images | 
were not always recognised on the first inter- 
pretation. -In other cases’ in which an absent 
right atrioventricular connection was diag- 


‘nosed in error instead of double inlet left 


ventricle and hypoplastic right atrioventricular 


valve respectively, the magnetic resonance 


images wére misinterpreted. It is important to 


h-~ 


distinguish between an absent right atrio- 
ventricular connection, characterised by bright 
sulcal fat separating the right atrium from the 
ventricle and the normal connection in which 
the image slice may have cut across the atrial 
and ventricular walls tangentially." Only by 
careful examination of all the slices to confirm 
that the sulcal fat extends through to the crux of 
the heart can this potential misinterpretation 
be ‘avoided. The other source of failure to 
demonstrate structures adequately “is the 
failure to obtain the image planes appropriate 
for the anatomical feature at issue. With the 
possible exception of very thin structures, such 
as the atrial septum, almost any cardiac struc- 
ture can be satisfactorily imaged by magnetic 
resonance but in some cases specific and 
carefully planned imaging planes will be 
required to achieve this. Therefore a priority of 
the structures to be imaged should be decided 
upon before the scan starts so that more 
important information can be acquired first and 
less important information later. ` 

Unlike angiocardiography, magnetic reso- 
nance imaging is non-invasive and does not use 
ionising radiation or contrast media. Further- 
more, imaging of some structures such as 
pulmonary arteries by magnetic resonance can 
be superior to angiography, especially when the 
optimum site for contrast injection is not 
accessible to catheterisation. In contrast to 
echocardiography, magnetic resonance imag- 
ing produces a series of related tomographic 
slice images that include structures such as the 
spine and trachea, which act as reference 
points. Therefore, it is easier to appreciate the 
spatial relation of the heart within the chest and 
of the chambers and vessels to each other than 
with cross sectional echocardiography. This 
is especially true when images acquired 
previously by a different operator are reviewed. 
Although currently most magnetic resonance 
imaging protocols provide only information on 
structure it is possible to obtain quantitative 
flow measurements and thus haemodynamic 
information.'*"*. 

Magnetic resonance can produce images of 


“such quality and clarity that it might rightfully 


be'considered the definitive method of struc- 
tural diagnosis. in life. However, it does not 
replace ‘cross sectional echocardiography: it 
complements it. The relative low cost, efficacy, 
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and the ease of use of cross sectional echo- 
cardiography ensures that it will remain the 
dominant diagnostic technique in congenital 

~ heart disease. The fact that the particular 
strengths, weaknesses, and limitations of cross 
sectional echocardiography differ considerably 
from those of magnetic resonance imaging 
determines a role for both the techniques. 
‘Magnetic resonance imaging should be used in 
particular in those patients with conditions and 
aspects of anatomy that cross sectional echo- 
cardiography does not image optimally and in 
patients in whom it will avoid the necessity for 
invasive investigation. 
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Successful repair of pulmonary atresia with 
ventricular septal defect without the use of a 
conduit: a new surgical option 


Report of two cases 


Zohair Al-Halees, Omar Galal, Neil Wilson 


Abstract 

A new technique for the restoration of 
continuity between the pulmonary artery 
and the right ventricle in pulmonary 
atresia with ventricular septal defect 
without the use of a conduit is described. 
This was accomplished by anastomosing 
the inferior margin of the distal pulmon- 
ary artery to the apex of a T-shaped 
infundibular ventriculotomy to form the 
posterior wall of the reconstructed right 
ventricular outflow tract. A winged patch 
of bovine pericardium was then used for 
the anterior wall to complete reconstruc- 
tion of the transannular right ventricular 
outflow tract. This technique was used 
successfully in two patients. 


(Br Heart J 19923;68:320-2) 


The term pulmonary atresia with ventricular 
septal defect is sometimes used to designate the 
extreme form of tetralogy of Fallot. The 
intracardiac anatomy of these patients is similar 
to that seen in tetralogy of Fallot.’ 

Surgical management has tended to be along 
the same lines as that of tetralogy of Fallot: the 
atrial and ventricular defects are closed, all 


extracardiac sources of pulmonary arterial 
blood supply excluded, and right ventricle to 
pulmonary artery continuity restored. This 
must result in an acceptable peak systolic 
pressure ratio between the right and left ventri- 
cles (usually less than 0-85).°’ Generally, a 
conduit is needed to establish right ventricle to 
pulmonary artery continuity in pulmonary 
atresia. 

All conduits are liable to progressive sten- 
osis, and valve failure if a valved conduit is 
used.’ The use of homografts reduces these 
inherent problems but does not eliminate 
them.’ The availability of homografts is a 
problem in many parts of the world, including 
Saudi Arabia. Therefore, there are advantages 
in accomplishing a repair without conduits 
whenever feasible. 


Patients and methods 
PATIENT 1 
An 11 year old boy with pulmonary atresia and 
ventricular septal defect was palliated in 
infancy by bilateral Blalock-Taussig shunts 
and ligation of multiple aortopulmonary col- 
laterals. 

Cardiac catheterisation showed good sized 
confluent pulmonary arteries, a non-function- 





Surgical technique. 


Figure 1 
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Echocardiogram of the right ventricular outflow tract (RVOT) after repair. 


Note the widely patent right ventricular outflow tract (RVOT). RV, right ventricle; 
LV, left ventricle; PA, pulmonary artery. 





ing left Blalock-Taussig shunt, and two large 
aorta to right pulmonary artery collaterals with 
a functioning right Blalock-Taussig shunt. 

At surgery the right Blalock-Taussig shunt 
and the collaterals were ligated and divided. 
The ventricular septal defect was closed with a 
patch of bovine pericardium. Right ventricle to 
pulmonary artery continuity was established 
by the technique shown in fig 1. 


PATIENT 2 

A 3 month old boy presented with cyanosis 
since the early weeks of life and was found to 
have pulmonary atresia and ventricular septal 
defect with a patent ductus arteriosus. 

At surgery there was an atretic main pulmon- 
ary artery that reached the right ventricle as a 
fibrous cord. The branch pulmonary arteries 
were confluent. The patent ductus arteriosus 
was ligated and the septal defect was closed 
with a patch of bovine pericardium and right 
ventricle to pulmonary artery continuity was 
established by the technique shown in fig 1. 


Angiogram of the right ventricular outflow 
tract pulmonary arteries in patient 1. 


Figure 3 


Surgical technique 

The pulmonary arteries were w 
the hila of both lungs to allow good 
Any systemic to pulmonary arter 
divided and not just ligated. A ps 

a ligamentum arteriosum was di 
shaped right ventriculotomy wa 
outflow tract. Through the 
infundibular obstruction was 
ventricular septal defect closed. T} 
of the pulmonary arteries was oper 
tudinally (fig 1A). The inferior m 
pulmonary arteriectomy was pull 
anastomosed to the apex of 
triculotomy to form the posteri 
reconstructed right ventricular 

(fig 1B). A wide winged patch of b 
dium was used to construct th 
complete the repair (fig 1C 


Results 
Postoperatively there were no sp 
plications related to the techniqt 


patient. The right ventricle/left venti 


tolic pressure ratio in both pati 
discharge from the intensive car 
as measured on pullback of a pu 
catheter placed at the time of s 
discharge from the hospital echox 
showed no residual right ventri 
tract obstruction or ventricular shut 
On follow up 18 months later bo 
were doing well. Patient 2 was sy 
and did not require medical treatn 
1 was in right heart failur 
digoxin, captopril, and diuretics. | 
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concern about right heart failur irdi 
eterisation was repeated. This showed 


patent right ventricular outflow tra 
residual gradient (fig 3). Theri 
ventricular septal defect and th 


cle/left ventricle pressure ratio was 0- 


was free pulmonary regurgitatior 
ventricular function was mildly imp 


Discussion 

The long-term effects of puln 
insufficiency on right ventricular f 
repair of tetralogy of Fallot ar 
Experience has established that t 
tricle can function very well wit! 
ary valve for a long period 
results and late deaths are related 
right ventricular hypertension ratl 
monary regurgitation,’ 

This picture encouraged 
experience with a transannular 
tetralogy of Fallot to 
favourable anatomy who hs 
atresia and a ventricular septal 
otherwise would require a conduit 
principle of repair was successful 


some p 





with truncus arteriosus” and 
repair of abnormalities of ver 
connection associated with a ventric 
defect.” 
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The technique we used to some extent sim- 
plifies the surgical total repair.of pulmonary- 


atresia with ventricular-septal defect. It can be . 


applied i in many ‘patients considered for total 


repair. In some, however, mobilisation of pul- - = 
monary arteries is difficult and in addition the , . 


* gap’ between the pulmonary: ‘artery confluence 


„and the right ventricle is large. For this reason 
we attempted .full mobilisation of the ‘pulmon- 


ary arteries to the hila of the lungs and divided ' 
collateral arteries and surgically placed shunts 
or a patent ductus-arteriosus. In some cases,- 
however, safe approximation of the pulmonary’ 
artery to the right ventricle will not be possible | 
and a conduit will be required.’ In addition the 


_ left anterior descending coronary artery’ may 
„limit the extent of the T-shaped ventric- 


ulotomy. Fortunately we, avoided ‘this potential’, 


complication, but we think thari ‘in many casesa | 


vertical incision could still be manipulated toa 
horizontal orifice to allow-anastomosis with the 
lower extremity of the pulmonary artery. 
Because the postoperative course and the 
functional state of both patients during 18 
months of follow ‘up was acceptable we are 
reasonably optimistic that the long-term course 


‘ ofthese patients may be similar to the long term 


results of repair tetralogy of Fallot. World wide 


i experience with the repair of tetralogy of Fallot 


„AH ‘Halees, Galal, Wilson 


is well-known and is generally good.” "°. 
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Fabry’s disease with complete atrioventricular 
block: histological evidence of involvement of the 


conduction system 


Yuji Ikari, Kenji Kuwako, Tetsu Yamaguchi 


Abstract 

A 63 year old man with complete 
atrioventricular block was diagnosed as 
having Fabry’s disease. A short PR 
interval is a common electrocardiogra- 
phic finding in Fabry’s disease, but com- 
plete atrioventricular block is a very 
rare complication. Necropsy indicated 
that lipid accumulation in the atrioven- 
tricular conduction system was the 
probable cause of this patient’s atrioven- 
tricular block. 


(Br Heart J 1992;68:323-5) 


Fabry’s disease is an inherited disorder that 

causes glycosphingolipids to accumulate be- 

cause of a deficiency of a-galactosidase A.’ 

Cardiac involvement associated with left ven- 

tricular enlargement and supraventricular arr- 

hythmias is quite common.’* A short PR 
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interval is a common electrocardiographic fin- 
ding in Fabry’s disease.” A few cases with 
complete atrioventricular block have been 
reported‘? but pathological studies of the con- 
duction system were lacking. We report the 
necropsy findings in a patient with Pabry’s 
disease associated with complete atrioven~ 
tricular block. 





Case report 

A 63 year old man was admitted to Mitsui 
Memorial Hospital with dyspnoes om 2 
February 1988. Two years before complete 
left bundle branch block and left devia- 
tion were diagnosed at another hospital (fg 
1A). The PR interval was 0-16 s at thet time. 
The day before admission he consulted a local 
doctor and the electrocardiogram showed 
complete atrioventricular block. The next day 
he was admitted to our hospital for investiga- 
tion and treatment. 

He had no history of painful paresthesia of 
the extremities, and no history of heat stroke 
during military training. An evaluation of his 
family history showed that four male cousins 
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Figure 1 (A) An electrocardiogram taken two years before admission showed complete left bundle bransch block, left 
axis deviation, and a normal PR interval (0-16 s). (B) On admission complete atrioventricular block and 


intraventricular conduction distrubance were found. 
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Figure2 (A) Light 
micrograph showing diffuse 
vacuolar degeneration in 
the bundle of His (left) 
and adjacent myocardium 
(right) (elastic van 
Gieson Stain, original 
magnification x 200), 
(B) Electron micrograph 
showing that the 
hypertrophic myocardial 
cells contained concentric 
lamellar bodies (lead 
citrate and uranyl nitrate 
stain, original 
magnification x 130 000). 





had died suddenly but no female relative had 
had cardiac disease. 

On admission the pulse rate was 37 beats/ 
min and regular and the blood pressure was 
130/60 mm Hg. Inspiratory rales were audible 
at both lung bases and a third heart sound was 
heard at the apex. There was no oedema of the 


extremities, Cutaneous angiokeratomas 
similar to senile angiomas were seen. No 
cataracts were found. 
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The heart was enlarged (cardiothoracic 
ratio 67% on a chest x ray). The electrocar- 
diogram showed complete atrioventricular 
block, left axis deviation, and intraventricular 
conduction defects (fig 1B). Laboratory 
studies indicated chronic renal failure and 
mild glucose intolerance. Blood urea nitrogen 
was 23:6 mmol/l, creatinine was 336 s:mol/l, 
fasting plasma glucose was 10-1 mmol/l, and 
haemoglobin A,. was 6-3%. 


The echocardiogram showed left ven- 
tricular hypertrophy, left ventricular dilata- 
tion, and granular sparkling in the interven- 
tricular septum. Cardiac catheterisation and 
endomyocardial biopsy were performed, but 
coronary angiography was not done because of 
renal failure. 

The mean pulmonary capillary wedge pres- 
sure was 23mm Hg, the main pulmonary 
artery pressure was 59/20 (mean 30) mm Hg, 
the right ventricular pressure was 50/(end 
diastolic) 20 mm Hg, the mean right atrial 
pressure was 12 mm Hg, the left ventricular 
pressure was 165/(end diastolic) 45 mm Hg, 
and the aortic pressure was 170/65 mm Hg. 
Cardiac output was 4-6 l/min; and the cardiac 
index was 2-8 |/min/m’. It was impossible to 
record the bundle of His electrocardiogram, 
presumably because the bundle voltage was 
too low. 

In an endomyocardial biopsy specimen 
there was extensive deposition of osmophilic 
concentric lamellar bodies in the lysosomes. 
These lamellar bodies had a myelin-like con- 
figuration and represented the accumulation of 
glycosphingolipids. | Biochemical studies 
showed that a-galactosidase A activity was 
appreciably decreased, though the activities of 
other lysosomal enzymes were normal. The 
diagnosis of Fabry’s disease was thus confir- 
med. He improved after the implantation of a 
permanent pacemaker (Activitrax 8400, Med- 
tronic, Minneapolis, MN 55432, USA) and 
the administration of oral frusemide. 

A year and nine months later he was admit- 
ted again because of worsening heart failure 
and renal failure. Dobutamine, dopamine, and 
frusemide were administered, but he died of 
heart failure on 7 February 1990. 

At necropsy biventricular hypertrophy 
(920 g/52 kg) and dilatation were found, but 
there was no evidence of myocardial infarc- 
tion. Histological study showed severe diffuse 
vacuolar degeneration in the bundle of His, 
the branches of the bundle of His, and the 
ventricular myocardium, while degeneration 
of the sinoatrial node was relatively mild (fig 
2). Moderate vacuolar degeneration and 
foamy macrophage infiltration of the renal 
glomerular epithelium were also seen. 


Discussion 

Cardiac involvement in Fabry’s disease occurs 
by the progressive deposition of glycolipids, 
mainly ceramide trihexoside, in the myocar- 
dial cells. Left ventricular enlargement and 
supraventricular arrhythmias are quite com- 
mon findings.”* 

A short PR interval in Fabry’s disease has 
been described before. Roudebush er al repor- 
ted three brothers with Fabry’s disease and a 
short PR interval, and their review of 120 
reported cases suggested that a short PR 
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interval was a common finding.’ In the clectro- 
physiological study performed by Matsui et al 
the short PR interval was shown to be caused 
by a reduction in the A-H time with a normal 
H-V time." The necropsy study by Becker er 
al showed glycosphingolipid deposits in the 
cells of the sinus node, the atrioventricular 
node, the bundle of His, and the left and right 
bundle banches.? They proposed that glycos- 
phingolipid accumulation in the conduction 
system caused the short PR interval in this 
disease. Mehta et a/ reported that the PR 
interval was short in five out of 32 patients 
with Fabry’s disease and prolonged in three of 
13 patients on follow up examination.” They 
suggested that the prolongation was a result of 
progression of the disease process. 

Complete atrioventricular block is rare in 
patients with Fabry’s disease and only a few 
cases have been reported.” An electro- 
physiological study of two brothers performed 
by Suzuki ez al indicated that one had a block 
within the bundle of His and the other had 2:1 
atrioventricular block inthe atrioventricular 
node.’ However, the cause of the atrioven- 
tricular block in their patients was not deter- 
mined by a pathological study. Necropsy in 
our patient showed considerable deposition of 
glycosphingolipids in the bundle of His and 
bundle branches and no other pathological 
changes, suggesting that glycosphingolipid 
accumulation was the cause of his complete 
atrioventricular block. Complete atrioven- 
tricular block may be a terminal complication 
of Fabry’s disease, with many patients 
apparently dying of renal failure before this 
cardiac defect can develop. Renal dysfunction 
in our patient progressed slowly and he lived 
until he was 65 years old; this gave time for 
the atrioventricular block to become apparent. 





We thank Dr Hitoshi Sakuraba (Departmen 
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Right-sided endomyocardial fibrosis with 
recurrent pulmonary emboli leading to 
irreversible pulmonary hypertension 


P A Ribeiro, R Muthusamy, C M G Duran 


Abstract 
A 26 year old Saudi man with features of 
both Loeffer’s endocarditis and 


endomyocardial fibrosis presented with 
mild symptoms and pulmonary emboli. 
Echocardiographic examination showed 
obliteration of the right ventricular apex 
by an attached mass. The results of 
haemodynamic studies were somewhat 
abnormal and medical treatment was 
started. Despite anticoagulation with 
warfarin the  patient’s condition 
deteriorated rapidly over a four month 
period after a further episode of pul- 
monary embolism and the development 
of pulmonary hypertension. Two 
haemodynamic studies performed four 
months apart were typical of pulmonary 
hypertension and iater right ventricular 
failure; they showed none of the charac- 
teristics of restriction. Pulmonary 
embolectomy was attempted but there 
was no cleavage plane between the 
organised thrombi and the endothelium 
of the pulmonary artery. The patient 
died of severe pulmonery hypertension 
and right ventricular failure several 
days after operation. 

Surgical intervention in the early 
stages of right-sided endomyocardial 
fibrosis might have prevented the 
development of pulmonary embolism 
and pulmonary hypertension. 


(Br Heart J 1992;68:326-9) 


Loeffer’s endocarditis and endomyocardial 
fibrosis were long regarded as separate entities. 
Now Loeffer’s endocarditis and endomyocar- 
dial fibrosis are generally regarded as mani- 
festations of the same disease. ‘The 
pathological findings in advanced disease are 
identical for both conditions.'* We describe a 
patient who had features of both Loeffer’s 
endocarditis and endomyocardial fibrosis. 
This patient presented at a relatively early 
stage of the disease when the right ventricle 
only was affected. At the time the patient had 
sustained a small pulmonary emboli and the 
haemodynamic function was somewhat abnor- 
mal. Despite anticoagulation with warfarin 
there were further episodes of pulmonary 
embolism and pulmonary hypertension and 
severe right heart failure developed. The sur- 
gical and pathological findings are described. 


~ 


Case report 


.A 26 year old Saudi man living in Gizan was 


referred from the Riyadh Central Hospital for 


` cardiac catheterisation. He had been complain- 


ing of dyspnoea and chest pain on exertion for 
the past six weeks. He was admitted after an 
episode of dizziness and chest pain at rest. The 
patient had had bronchial asthma from the age 
of five to the age of 16. He smoked 30 cigarettes 
a day. He had a rash eight years ago and a 
further two episodes of rash during the past two 
years. In November 1989 the jugular venous 
pulse was normal and the carotid upstrokes 
were normal. The chest was clear and blood 
pressure was 104/80 mm Hg. The pulse was 70 
per minute and regular. The left ventricular 
impulse was normal and at auscultation a 
physiological split second heart sound was 
heard. P2 was normal. A pansystolic murmur 
(grade 1/4) was detected at the left :sternal 
border, The liver was not palpable. There was 
no radiofemoral delay and all peripheral pulses 
were present with no bruits. There were no 
genital or mouth ulcers. 

Echocardiographic studies showed oblitera- 
tion of the right ventricular apex by a mass in 
the right ventricular cavity attached by a 
pedical (fig 1A). The patient was treated with 
intravenous heparin and was transferred to our 
hospital for further cardiac investigations. The 
full blood count was normal with, 2% of 
eosinophils. The renal and liver profiles were 
normal. Protein electrophorisis showed a slight 
diffuse increase in y globulins and the ery- 
throcyte sedimentation was 11 mm/h. Protein 
C was 0:59 U/ml (normal between 0:64 and 
1:13) and protein S was 0-37 U/ml (normal 
0 51~0-91)}—low and consistent with oral anti- 
coagulation. Serological tests for schis- 
tosomiasis were negative. Antithrombin III 
was 90 mg/ml (normal = 80-120) and plas- 
minogen 118 (normal = 80-120%). The par- 
tical thromboplastin time was 63 seconds while 
he was being given intravenous heparin. The 
chest x ray showed a heart of normal size and 
clear lung fields. The electrocardiogram 
showed sinus rhythm and incomplete right 
bundle branch block and non-specific ST-T 
changes. Holter monitoring showed periods of 
2:1 atrioventricular block and a few ventricular 
extrasystoles. Echocardiographic studies. 
showed a left ventricle of normal size and 
function. The right atrium was dilated and an 
irregular mass obliterated the right ventricular 
apex and extended to half way up the ven- 





ventricular blob. (C 


tricular cavity (figs 1 and 2). Colour Doppler 
showed moderate tricuspid regurgitation. Car- 
diac catheterisation showed no haemodynamic 
evidence of constrictive or restrictive 
physiology or both. The mean right atrial 
pressure was 8 mm Hg with an ‘a’ wave of 13 
and a ‘v’ wave of 10 mm Hg. The right ven- 
tricular pressure was 33/3 mm Hg and the 
pulmonary artery pressure was 33/19 (mean 24) 
mm Hg. Pulmonary capillary wedge was 
7mm Hg and left ventricular pressure 104 
12 mm Hg. The left ventricular angiogram was 
normal. The right ventriculogram showed 
moderate tricuspid regurgitation and a dilated 
right ventricular cavity. There were filling 
defects in the right ventricular apex (not a 
typical feature of endomyocardial fibrosis) 
without evidence of right ventricular apex cut 
off (fig 1C). The pulmonary angiogram showed 
occlusion of the pulmonary arteries supplying 
the left, mid and lower lobes (fig 2A). A biopsy 
specimen of the right ventricle taken in 
November 1989 showed a thrombus containing 
degranulated eosinophils with minimal 
myocardial fibrosis. At this stage the diagnosis 
was early stage endomyocardial fibrosis with 
pulmonary emboli. Because the symptoms 
were mild and cardiac haemodynamics func- 
tion virtually normal we decided to continue 


Right ventricular angiogram in the rig 
filling defects in the apical region 
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Figure 1 (A) Echocardiographic apical four chamber viet 
the right ventricular apex and extending to the mid cavity B) Echocar 
ventricular inflow view showing right ventricular mass with the attache 





anticoagulation treatment 
Bechet’s disease was excluded a 
biopsy specimen, though not | 


indicated endomyocardial fibro 
was followed up in the outpa 
warfarin anticoagulation wa 
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In January 1990 the patient 
the outpatient clinic and was 
and the 
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York Heart Association Class 
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and B). Repeat cardiac catheterisation showed 
major deterioration in the haemodynamic 
function of the right side of the heart. The 
mean right atrial pressure had increased to 
15 mm Hg with an ‘a’ wave of 18 mm Hg anda 
‘v’ wave of 20 mm Hg. Right ventricular pres- 
sure was 45/12 and pulmonary artery 48/22 mm 
Hg (mean 38). The cardiac output was 2-2 
l/min with an index of 1-2 1/min/m*. Pulmon- 
ary angiography showed a total block of the left 
pulmonary artery anda filling defect in the right 
middle pulmonary artery (fig 2B). 

In view of the patient’s severe symptoms and 
rapid haemodynamic deterioration, which 
were caused by further pulmonary emboli, we 
decided to attempt to excise the right ven- 
tricular mass and perform a pulmonary 
embolectomy. At operation the posterior and 
septal leflets of the tricuspid valve were tethered 


by the fibrous tissue that was a continuation of 


the papillary muscle. The apical and septal 
mass was seen in the right ventricle. The mass 
was whitish and fibrous strands penetrated into 
the myocardium, which was ulcerated and 
covered in thrombus. The mass extended to the 
outflow tract of the right ventricle. The left 
pulmonary artery was occluded with a recent 
thrombus, superimposed on old fibrous whitish 
material that was completely attached to the 
endothelium of the pulmonary artery. There 
was no cleavage plane. 

The right ventricular mass was excised and 
the tricuspid valve was replaced by a Hancock 
33 bioprosthesis. Embolectomy was impossible 
because the whitish material of the pulmonary 
artery was attached to the endothelium. Left 
pneumectomy was performed because there 
was considerable bleeding in the endotracheal 
tube during weaning of bypass. The patient 
was transferred to the intensive care unit in a 
reasonable condition. After being extubated on 
the third postoperative day respiratory acidosis 
developed and the patient required reintuba- 
uon. He sustained a cardiac arrest that required 
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Figure 2 (A) Pulmonary angiogram showing occlusion 
of the mid and lower left pulmonary arteries. (B) 
Pulmonary angiogram four months later showing 
complete occlusion of the left pulmonary artery. 


open chest massage in the intensive care unit 
and he was transferred to the operating room 
and put on cardiopulmonary bypass. Attempts 
at weaning him off bypass failed because the 
right ventricle was distended and the pulmon- 
ary artery pressure was above systemic level. 
The patient was given extra-corporeal mem- 
brane oxygenation and biomedical support. 
After 10 hours of right-sided bypass the pul- 
monary artery pressure was still suprasystemic 
and there were no signs of recovery. Several 
attempts at weaning him off bypass were unsuc- 
cessful and the patient died in the operating 
room. The pathological and histological 
examination of the specimens of the right 
ventricle and left pulmonary artery showed 
features that were characteristic of 
endomyocardial fibrosis with superimposed 
thrombus. 


Discussion 

Our patient had features that were typical of 
both Loeffer’s endocarditis and endomyocar- 
dial fibrosis.”” His history of asthma, rash, 
multiple pulmonary emboli, is characteristic of 
Loeffer’s disease. The absence of peripheral 
eosinophils, isolated right ventricular disease, 
and absence of systemic illness are features of 
endomyocardial fibrosis. Although endo- 
myocardial fibrosis and Loeffer’s disease used to 
be regarded as separate clinical entities there is 
a growing consensus that they are different 
stages of the same disease.'* Our patient 
was probably in an intermediate stage of the 
diseases. 

The right ventricle alone is affected in 10% of 
cases of endomyocardial fibrosis.” The restric- 
tive physiology is the haemodynamic hallmark 
of the disease.” Our patient, however, presen- 
ted with normal haemodynamic function and 
without the features of restriction, despite the 
large right ventricular mass detected on 
echocardiography. Despite appropriate anti- 


i Right side endomyocardial fibrosis wih: recurrent pulmimary embol: ladne to irrevsriible pulmonary hypertension 
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gun the disease uae capa with 
~ furthér ‘pulmonary ' emboli ` and pulmonary’ 
_ ‘hypertension with right ventricular failure 
- developed: This. contrasts with the usual pat- _ 
tern when: right heart failure is „caused “by 
'  restrictior-of thè right, ventricle. ® : 
‘The: ‘course in, our patient , sliggests that * 

r earlier excision of the right ventricular mass - 
might have prevented - further pulmonary 
emboli. Medical treatment with’ ariticoagula- 
- tion’ did -not, prevent the’ progression ‘of the ` 
` disease. to- fatal” ‘pulmonary’ embolism: The: 
initial arigiogram’ was misleading because i it, did . 
not, show the classic ventricular’apex cut ‘off of ` 
endomyocardial fibrosis. When we reviewed the , 
, angiogram we found some ‘filling defects that 


aoe 


_. others have described. as early ‘evidence of , 
endomyocardial fibrosis," Nevertheless, . the «. re! 


-echocardiographic appearance at the time”: 
- showed’ a large apical mass extending to ke 
middle of ‘the right ventricle: cavity. Colour 


` Doppler examination showed some” blood flow.” » 
“to the right ventricular’ apex'in between: the ’ 
7- mass and this-accounted:for the angiographic .° 
vet ‘ appearance. - The nuclear magnetic resonante- 
; ' examination accorded ith, erkorireioarigiie © ees 


“findings.” ee 


» We conclude that carly PRIT intervention e 


may, be indicated in the. aly: stages, we 
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endomyocardial fibrosis/Loetfer’ s disease with 


“right- sided ‘involvement to prevent pulmonary 
emboli and the development of pulmonary 
hypertension. | 
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Anomalous origin of the right coronary artery 
from the pulmonary artery in association with 
congenital aneurysm of the sinus of Valsalva: 
angiographic diagnosis of a rare association 


A Shyam Sundar, Keith A A Fox 


Abstract 

A 37 year old man presenting with acute 
heart failure, hypotension, and acute 
renal failure was diagnosed by cardiac 
catheterisation and angiography to have 
the rare combination of congenital 
aneurysm of the non-coronary sinus of 
Valsalva rupturing into the right ventri- 
cle, and an anomalous origin of the right 
coronary artery from the main pulmon- 
ary artery. The diagnosis could not be 
confirmed by transthoracic echo- 
cardiography in this patient. This com- 
bination of defects, confirmed at cardiac 
surgery, has not been reported before, 
and this case report highlights the 
importance of preoperative definition of 
congenital defects associated with an 
aneurysm of the sinus of Valsalva. 


(Br Heart J 1992;68;330-2 


Anomalous origin of the right coronary artery 
from the main pulmonary artery is a rare 
congenital cardiac malformation.'? Twenty 
five cases with this condition have been repor- 
ted to date, most as incidental findings, at 
necropsy, or during surgery; a few have been 
diagnosed by angiography.’ Congenital 
aneurysms of the sinus of Valsalva are com- 
paratively rare’? and may be associated with 
other anomalies including ventricular septal 
defect, aortic valve, and coronary artery 
anomalies.°’ To the best of our knowledge, 
there have been no reported instances of 
anomalous origin of a right coronary artery 
from the pulmonary artery in association with 
congenital aneurysm of the sinus of Valsalva. 

We report the preoperative diagnosis, by 
cardiac catheterisation and angiography, of 
the rare combination of ruptured aneurysm of 
the sinus of Valsalva and anomalous right 
coronary artery from the pulmonary artery in 
a 37 year old man presenting with acute heart 
failure, hypotension, and acute renal failure, 
The findings were confirmed at surgery. 


Case report 

A 37 year old man presented with a sudden 
illness. He had had a 48 hour history of 
palpitations followed by dyspnoea, recurrent 
vomiting, and anuria, and was admitted in 
acute renal failure and cardiogenic shock. He 
had previously felt entirely well and went 


swimming for 30 minutes, two days before 
admission to hospital. He had had no sig- 
nificant illness in the past and had no history 
of chest pain. On clinical examination, the 
patient was pale, cyanosed, tachypneic, and 
was hypotensive with wide pulse pressure and 
sinus tachycardia. He was in cardiac failure 
with raised jugular venous pressure, tender 
hepatomegaly, and bibasal chest crackles. 

Cardiovascular examination showed 
cardiomegaly with a forcible cardiac impulse. 
There was a superficial continuous murmur 
(grade 3/6) heard at the lower left sternal 
border. The electrocardiogram showed sinus 
tachycardia without evidence of ventricular 
hypertrophy or myocardial ischaemia. The 
chest radiograph showed mild cardiac en- 
largement and pulmonary plethora. He was 
treated with ionotropes and haemofiltration 
followed by regular dialysis for control of his 
renal failure. He underwent transthoracic 
echocardiographic studies but high quality 
recordings could not be obtained because of 
his chest configuration. 

Cardiac catheterisation showed raised right 
heart pressures with moderate pulmonary 
arterial hypertension (50/25 mean 35 





Figure 1 Aortogram (left lateral projection) showing 
ruptured aneurysm of the non-coronary sinus of Valsalva 
with a leak into the right ventricle. AO, aorta; RSOV, 
aneurysm of the ruptured sinus of Valsalva. 
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Figure 2 Selective 
angiogram from main 
pulmonary artery showing 
anomalous pulmonary 
origin of the right coronary 
artery. PA, main 
pulmonary artery; RCA, 
right coronary artery. 





mm Hg). There was a step up in oxygen 
saturation in the right ventricle with a left to 
right shunt of 4:1. Aortic root angiography 
showed an aneurysm of the non-coronary 
sinus of Valsalva rupturing into the right 
ventricle (fig 1). Coronary angiography 
showed a normal left coronary artery with 
collaterals to the right coronary artery. The 
large right coronary artery filled retrogradely 
from the left system and showed flow of con- 
trast material into the main pulmonary artery 
from which it originated. Anomalous pulmon- 
ary origin of the right coronary artery was 
documented by selective cineangiography 
from the main pulmonary artery (fig 2). The 
patient also had a patent foramen ovale and a 
left superior vena cava draining into the 
coronary sinus. 

The patient underwent successful operation 
and at surgery, the findings of ruptured 
aneurysm of the non-coronary sinus of 
Valsalva opening into the right ventricle and 
anomalous origin of the right coronary artery 
from the main pulmonary artery were con- 
firmed. The aneurysm of the sinus of Valsalva 
produced the previously described “wind- 
sock” deformity and was excised, leaving a 
slit-like defect between the aortic wall and the 
aortic annulus. This was closed with sutures. 
The anomalous right coronary artery could 
not be seen on external inspection but sub- 
sequent dissection and exploration showed it 
to arise from the right side of the pulmonary 
artery and it was reimplanted into the ascend- 
ing aorta. No heart murmurs were heard in 
the postoperative period. Renal function 
gradually recovered to normal and a repeat 
Swan Ganz catheterisation six weeks after 
operation showed normal pressures and 
oxygen saturation. The patient is currently 
symptom free 18 months after operation. 


Discussion 

Aneurysms of the sinus of Valsalva are rare, 
accounting for 0:43% and 0:14% of open heart 
operations done at two major cardiac surgical 
centres.**> They are frequently associated with 
other congenital cardiac defects such as ven- 


tricular septal defect and aortic valve 
anomalies. Anomalies of the coronary artery 
may complicate the surgical repair especially 
when only discovered at operation for rupture 
of the aneurysm of the sinus of Valsalva. For 
example, a single coronary artery was dis- 
covered at operation when coronary angiogra- 
phy was not performed.’ 

Although aneurysms of the sinus of Valsalva 
may be detected by echocardiography, in 
subjects in whom high quality recordings are 
obtainable, this case report shows the clinical 
importance of defining any associated congeni- 
tal anomalies. Unless such concomitant lesions 
can be defined by echocardiography, it may be 
necessary to undertake angiography in patients 
with ruptured aneurysm of the sinus of 
Valsalva. 

Echocardiography is a useful non-invasive 
tool in diagnosing aneurysms of the sinus of 
Valsalva. Cross sectional and Doppler 
echocardiography, however, even in experi- 
enced hands, have missed such aneurysms, 
which were subsequently diagnosed by cardiac 
catheterisation and confirmed at surgery.” 
Despite a clinical diagnosis before echo- 
cardiography of a ruptured aneurysm of the 
sinus of Valsalva, the transthoracic echo- 
cardiographic recordings were inadequate to 
confirm the diagnosis in this compromised and 
poorly echogenic subject. Transoesophageal 
echocardiography, with Doppler colour flow 
mapping, would be the investigation of choice 
for such suspected ruptures, particularly where 
transthoracic recordings are inadequate.” This 
would not, however, have shown the associated 
anomaly of the coronary artery. Transoeso- 
phageal echocardiography was not available to 
us when this patient presented. 

The definitive diagnosis of ruptured 
aneurysm of the sinus of Valsalva can be 
established by cardiac catheterisation and 
angiography, as can associated cardiac defects 
detected, including anomalies of the coronary 
artery. 

Anomalous origin of the right coronary 
artery from the main pulmonary artery is 
extremely rare with a reported incidence of 
0:002% in a series of 126 595 patients under- 
going coronary angiography over a 28 year 
period at the Cleveland Clinic Foundation. 
Twenty five reported cases are available for 
review.'*"* Isolated cases of patients with 
associated congenital heart disease, including 
atrial septal defect, tetralogy of Fallot with 
patent ductus arteriosus, pulmonary atresia 
with intact ventricular septum, and aorto- 
pulmonary window with and without ven- 
tricular septal defect have been reported.*’"’"* 
An anomalous origin of the right coronary 
artery from the pulmonary artery, as far as we 
know, has not been previously described in 
association with congenital aneurysm of the 
sinus of Valsalva. 

By contrast with patients who have the far 
more common condition of anomalous pul- 
monary origin of the left coronary artery and 
who often present in infancy with ischaemia 
and congestive heart failure,’ most patients 
with anomalous origin of the right coronary 
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artery are symptom free and reach adult life. 
Anomalous origin of the right coronary artery, 
however, is not always a benign condition.. 


There have been reports of, sudden cardiac 

death?” and a corofiary steal , phenomenon . 
whereby the right ventricle and inferior and . . 
septal regions’ of the left ventricle’ were | 


deprived of blood supply due to retrograde flow 
from the left coronary artery to the pulmonary 
artery through the anomalous right coronary 
artery." Our patient showed neither symptoms 
hor electrocardiographic evidence of myo-- 


-cardial ischaemia. Nevertheless, the fact ‘that 


anomalous origin of right coronary artery from 
the pulmonary artery is a cause of cardiac arrest 
may justify prophylactic surgical intervention, 


. ifthis coronary anomaly is known to be present. 
The acute development of a large rupture in ’ 


the aneurysm of the sinus of Valsalva probably 


accounted for the dramatic presentation in our 
_patient. As a result of the anomalous large right _ 
coronary artery, however, ischaemia of right ' 


ventricle and posteroinferior regions of the left 
ventricle could have contributed to _ the 


; development of heart failure: 
Our patient highlights the usefulness of. 
‘cardiac catheterisation and angiography in the 


accurate preoperative delineation of this rare 
combination of lesions that were confirmed a at 


surgery. 


` We gratefully acknowledge the surgical experuse of Mr E G, 
j Burrhart and Mr A J Bryan ia ie management of this patient, 
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Cardiac assistance from skeletal muscle: a critical 
appraisal of the various approaches 


Stanley Salmons, Jonathan C Jarvis 


Abstract 

We review here various ways in which 
cardiac assistance might be derived 
from a patient’s own skeletal muscle. 
Calculations based on experimental data 
and optimistic estimates of the efficiency 
of the energy conversions involved sug- 
gest that the continuous assist available 
would be limited to about 2 litres a 
minute if a muscle were used to energise 
an electromechanical device. It would be 
more efficient to couple the energy 
mechanically or hydraulically, but these 
approaches still pose problems of 
anatomical placement, muscle attach- 
ment, fluid leakage, and cost. Unless these 
issues can be addressed, the use of 
skeletal muscle as an internal power 
source for mechanical circulatory assist 
devices will remain an unworkable 
concept. Configurations that couple 
skeletal muscle contraction directly to 
the circulation would be more efficient 
and less costly. In terms of the energy 
available, a skeletal muscle ventricle 
could be designed to provide a contin- 
uous partial assist of 1-2 1/min, with flows 
of up to 8 1/min sustainable for limited 
periods. Such an approach offers new 
possibilities for the surgical treatment of 
chronic cardiac failure. 


(Br Heart J 1992;68:333-8) 
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Alternative approaches to the use of skeletal muscle for cardiac assistance. 
MCS, mechanical circulatory support; SMV, skeletal muscle ventricle; SMT, skeletal 
muscle tube ventricle. 


For some years the surgical treatment of end 
stage cardiac failure has been restricted to 
cardiac transplantation and the temporary use 
of mechanical circulatory support devices as a 
bridge to transplant. The discovery that adult 
fast-twitch mammalian skeletal muscle is 
capable of undergoing adaptive change, 
through which it can acquire a markedly 
increased resistance to fatigue, has revived 
interest in the possibility of diverting skeletal 
muscle from its normal function to perform in 
a cardiac assist role. 

The adaptive transformation of skeletal 
muscle that takes place in response to 
increased use has been studied extensively’? 
and it is not proposed to describe it in any 
detail here. The important elements can, 
however, be stated quite simply. A muscle 
will be resistant to fatigue if it can supply, on 
a continuous basis, sufficient ATP to meet rhe 
prevailing energy costs of contraction. These 
costs derive mainly from the cyclic turnover 
of chemical bonds between actin and myosin 
and the transport of calcium between intra- 
cellular compartments. Skeletal muscle that 
has been conditioned by long-term electrical 
stimulation acquires more favourable bio- 
energetics for sustained contraction as a result 
of changes both in the isoforms of myosin and 
in the kinetics of the release and uptake of 
calcium. At the same time, sustained produc 
tion of ATP becomes possible through an 
increase in the capacity of oxidative pathways, 
particularly those involved in the breakdown 
of fat and fatty acids, at the expense of 
anaerobic glycolysis. There is an associated 
increase in capillary blood supply and mito- 
chondrial volume. As a result, the production 
of ATP can match even the extreme increases 
in the utilisation of ATP required for the 
performance of cardiac work.** 


Four approaches to skeletal muscle assist 
There are several ways in which we cast try 
to harness the power of conditioned skeletal 
muscle for cardiac assistance but they fall into 
two major categories (fig 1). 


CATEGORY 1 ASSISTS 
These preserve the natural endothelial lining of 
the patient’s cardiovascular system. There are 
two main approaches: 

(a) In cardiomyoplasty, the object is to 
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Figure 2 Highly 
schematic examples to 
illustrate the approaches 
hsted in fig 1: 

(A) cardomyoplasty, 
(B) aortomyoplasty, 


(C) compression of aorta 


(E) skeletal muscle tube 
ventricle, (F) left 
ventricular assist device 


electrically. 
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Latissimus 
dorsi In situ 


produce intermittent compression of the 
patient’s left or right ventricle by the contrac- 
tion of skeletal:muscle wrapped around ‘the 
organ’ ® (fig 2A). 

(6) In aortomyoplasty, the ascending or 
descending aorta may be wrapped directly’ 
(fig 2B); alternatively, compression may be 
achieved indiréctly by arranging for contrac- 
tion of the muscle to inflate a cuff placed around 
the vessel” (fig 2C). 

From one point of view, category 1 assists are 
the most conservative option, since the 
presence of an uninterrupted endothelium 
minimises the risk of thromboembolic 


2H 





Energy 
converter 





complications. Small ‘wonder, then, that 
cardiomyoplasty is the first, and so far the only, 
approach to have been used clinically. 


CATEGORY 2 ASSISTS : 

These form part of an independent structure 
that is connected to the patient’s circulation. As 
a result, an additional surface—which may be 


. an artificial material or an autogenous biological 


lining—is .placed in contact with the blood. 


_ Again there are two main approaches: 


(a) Skeletal muscle can be configured- as 
an auxiliary pouch-shaped or tube-shaped ven- 
tricle by wrapping it around a suitable mandrel; 


Cardiac assist from skeletal muscle 


Figure 3 Graph showing 


the relation between power ` 


output and velocity of 

- shortemng for the left 
(filled circles) and right 
(open carcles) tibsalss 


g 


the mandrel is subsequently removed, leaving a 
skeletal muscle ventricle (SMV) (fig.2D) or a 
skeletal muscle tube ventricle (SMT) (fig 2E) 


that can be connected to the circulation as a. 


synchronous or counterpulsatory assist.’ !! ? > 
(b) Skeletal muscle may be used to energise a 
mechahical artificial heart or ventricular assist 


device via a mechanical (fig 2F), hydraulic s 
' (fig 2G), or electrical (fig 2H) link.” # 


The fundamental limitation on the assists 


that can be obtained through these: various. 


approaches is the rate at which they allow 


` energy to be converted to pumping work. We 


therefore consider first the power required for 
cardiac’ aésistance. We go on to.use recent 
experimental data from this laboratory to 


“estimate the power available from. skeletal 


muscle under ideal conditions. .Finally we 
estimate the power that .could: be transferred 


` into`the circulation’ by’ the different configura- 


tions, and ‘add ‘comments on some of the 
practical difficulties. . 


How much power is aded for cardiac 
assistance? 


. The power required for pumping is- related 
` to thé flow and the mean pressure. mye the 


’ expression: 


_, Power = flow:x pressure i ; 
For a normal 70. kg subject with a body 


_ surface ‘area of 1-7-m? the mean flow at rest 
-is ‘about: 6 l/min: For an average systemic 


pressure of 100 mm Hg this corresponds to 
about 1-3 W. Arcapacity for at least 14 l/min 
should be built into the pump to support 
activities such as walking and climbing stairs, 
and it would therefore be appropriate to specify 
a short-term power capability of at least 3W. 
These levels are necessary where the patient’s 
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How much power is available? 
No artificial energy source currently available 
can provide these levels of power from within 
the body. As a biological source, skeletal 
muscle has attracted interest because it allows a 
small .expenditure of energy (needed to 
stimulate the motor nerve) to trigger the release 
of a potentially large amount of energy (derived 
ultimately from the normal intake of food and 
oxygen), which it converts with great efficiency 
into mechanical work. 

The power available from skeletal muscle 


‘depends on two factors: the mass of well- 


vascularised tissue that can be recruited for the 


. purpose and the sustainable power per gram of 


tissue. Whether one uses a dorsal muscle (such 
as latissimus dorsi) a ventral muscle (such as 
rectus abdominis) a muscle from the abdominal 
cavity (such as psoas major) or a muscle from 
the lower limb (such as gracilis or vastus 
lateralis), depends on the way in which power is 
to be coupled to the circulation. Some con- 
figurations require the muscle to be transposed 
into a new position, diverting it entirely from 
its normal function; other configurations would 


- allow the muscle to operate in situ. The more 


-heart is in such poor condition that most of the ` 


> “Power (wW) 


v systemic blood flow must be produced by the 


assist device. In less severe cases it may be 


-acceptable to operate at lower levels, providing © 
| partial assistance that restores,a reasonable . 
- . quality of life while improving, or at least . 

. preventing further 


deterioration in, 
condition of thepatient’s own heart. 
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the ` 


indirect the linkage, the more freedom there is 


‘in the. choice of a suitable muscle, but the 


poorer the efficiency of utilising the available 
energy. 

For purposes of illustration, let us base our 
calculations on the generation of energy from a 
muscle mass of 600g, which happens to 
correspond to the average mass of an adult male 
latissimus dorsi muscle. We are seeking 
sustainable pumping power of 1-3 W, with a 
reserve capacity that supports short-term use at 
up to at least 3 W. The power required of a 
600 g muscle would thus correspond to a 


. sustainable 2-1 W/kg of muscle tissue, with the 


capability of working for shorter periods at 
5 W/kg. To what extent is it feasible to expect 
these levels of work from skeletal muscle, 
bearing in mind that the human myocardium 
produces about 4 W/kg at a resting rate? 

To answer this question we have used an 
apparatus designed in our laboratory’ to 
characterise the mechanical performance of 
rabbit tibialis anterior (TA) muscles. From a 
power-velocity curve, such as that in fig 3, we 


' can obtain the rate of work output (force x 


velocity) at any velocity of shortening from 


» zero, where the force is maximal but the power 


is zero, to the maximum unloaded shortening 
velocity, where all the force produced 1s used to 


' produce shortening within the muscle, and the 


external power output is again zero. Between 
these extremes there is a velocity for which the 
power output is maximal; this velocity is often 
referred to as V,,. This curve describes the 
behaviour of a muscle only in single maximally 
activated contractions and does not, therefore, 
give any direct information about the 
endurance of the muscle. On the other hand, it 
shows very clearly that the power output of 


: skeletal muscle is highly dependent on the load 


and that for a muscle to deliver its maximum 
power it must work against a load that allows it 
to:shorten at a velocity close to V „p 

For an unconditioned rabbit TA muscle, the 
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maximum acute power output is about 300 W/ 
kg. After 8-10 weeks of continuous stimulation 
at a frequency of 10 Hz, the mass falls to 50% 
of control and V,,, to 25% of control values. 
The combined effect of these losses is a reduc- 
tion in power output to about 10% of control 
values” '® (fig 3, lower curve). This looks rather 
serious until it is recognised that in absolute 
terms the maximal acute power output of the 
stimulated muscle is still 30-40 W/kg, close to 
the systolic power of the left ventricular 
myocardium. These power outputs refer only 
to the rate at which work is performed during 
contraction. In any practical application, the 
muscle must spend at least as much time in 
relaxation as in contraction, and since work 
is available only during. contraction the 
maximum power output is about 20 W/kg. At 
the specified work rates of 2:1-5 W/kg, then, 
the stimulated muscle would be working at 
10-20% of the maximum. To what extent can 
such working rates be sustained? 

We have conducted fatigue tests on the same 
rabbit TA muscles under conditions in which 
they were constrained to perform external work 
at 10 W/kg. Conditioned muscles were able to 
maintain this level of work for many hours 
whereas control muscles showed progressive 
fatigue at the same initial work rate, even 
though their maximum power capacity was 
much greater. Although we have not run such 
tests at much higher rates of working, we doubt 
whether such rates could be sustained for more 
than short periods. 

10 W/kg has to be regarded as an over- 
estimate because it is based on rabbit muscle; 
the specific power of human muscle is intrin- 
sically less, because of its slower contractile 
characteristics.” The difference in power may 
be less marked when the comparison is made 
between human and rabbit muscles that are 
fully conditioned for continuous use, but it 
would seem sensible to allow for a reduction to 
8 W/kg. The actual mass of muscle finally 


generating work will also be less than the. 


starting mass, for several reasons, First, there is 
the loss of muscle bulk, already referred to, that 
is the consequence of performing work contin- 
uously at this high level; this stabilises at 
approximately 50% in the long term. This 
would reduce the working mass of a muscle 
such as latissimus dorsi to about 300 g. Second, 
there is a loss associated with the grafting 
procedure. The experiments of Guerlinckx et 
af on orthotopic grafting of rabbit rectus 
femoris muscles suggest that a chronic reduc- 
tion in mass of 25% would be expected as a 
result of tendon section alone. This would 
bring about a further reduction to about 225 g. 
To this must be added any loss of muscle fibres 
through ischaemic damage. The power avail- 
able would therefore be unlikely to exceed 
1:8 W. 

Recent work from our laboratory suggests 
that conditioning regimens can be devised that 
are very much better at preserving muscle mass 
and contractile speed, and hence the maximum 
power available in the long term.”'” There is 
less scope for such techniques when the energy 
demand is continuously high, but they may be 
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useful under partial assist conditions—for 
example, when only a proportion of the 
patient’s heart beats are assisted. 


How may skeletal muscle power be 
harnessed? 

If the power requirements for cardiac assis- 
tance (1:3-3 W) are compared with the 
estimated maximum of 1-8 W available from 
skeletal muscle, it is immediately clear that, 
unless a substantially larger muscle mass could 
be recruited for the task, it is not feasible to 
attempt total replacement of more than resting 
heart function in this way. On the other hand, 
the estimated power available could, if appro- 
priately harnessed, provide a very substantial 
assist (at an average systemic pressure of 
100 mm Hg, 1-8 W is equivalent to more than 
8 l/min). What is the best configuration for 
putting this power to use? 


CONFIGURATIONS IN WHICH SKELETAL MUSCLE 
IS COUPLED DIRECTLY TO THE CIRCULATION 
Procedures based on reconfiguration of skeletal 
muscle alone have considerable advantages 
over any approach that requires the muscle to 
be interfaced with non-biological materials (see 
below). Of these procedures cardiomyoplasty 
and aortomyoplasty suffer from one serious 
limitation: the geometry of the pump is dictated 
by the size and shape of the existing organs. In 
some ways the consequences of this limitation 
are obvious: a grossly hypertrophied heart may 
be too large to be wrapped effectively by the 
patient’s latissimus dorsi muscle; the small 
lumen of the aorta restricts the stroke volume 
that can be achieved by compressing it. But just 
as important as these anatomical considerations 


- are the loading conditions that the fixed 


geometry imposes on the muscle wrap, because 
they constrain the muscle to operate far from 
the peak ofits power curve.” ? The benefits that 
have been reported by patients who have had 
the cardiomyoplasty procedure may be due to 
the reinforcement given to the myocardial wall, 
or to the translational motion imparted by 
contraction of the free portion of the graft.” 
In contrast, the SMV approach is limited 
only by the size, shape, and fibre orientation of 
the latissimus dorsi (or other muscle) that is 
available. Subject only to these limitations, 
factors such as cavity volume, wall thickness, 
and direction of wrap are all within the control 
of the surgeon and can, given the appropriate 
basic knowledge, be optimised to provide the 
maximum pumping performance of which the 
muscle is capable. Set against this functional 
potential is the need to ensure that the 
introduction of such a device into the patient’s 
circulation does not cause thrombus formation, 
with the attendant risks of obstruction of flow 
through the device and embolism to vital 


organs. 


CONFIGURATIONS IN WHICH SKELETAL MUSCLE 
IS COUPLED INDIRECTLY TO THE CIRCULATION 
It is possible to envisage several ways in which a 
skeletal muscle could, in principle, provide the 


Cardiac assist from skeletal muscle 


energy for a mechanical assist device, such as a 


. left ventricular-assist device (LVAD). 


..(a) Direct mechanical linkage (fig 2F) would 
be moderately efficient, especially if the muscle 
were allowed to operate in its: normal line-of 
action and without disturbance to its vascular 


supply. Problems would be the need for the 
assist device to be close to the muscle and the. 


difficulty of creating a strong and reliable junc- 
tion between a muscle and a non-biological 
surface. The latter is not a trivial matter: even 
tendon-to-tendon anastomoses take many 
months to acquire full strength. Furthermore, 
the: junction must be capable of unimpeded 


_ translational movement and must remain so. 
(6) A hydraulic link could be established by- 


wrapping a muscle around a fluid-filled 
bladder™ (fig 2G) or, more conservatively, -by 

arranging for the bladder to divert the muscle 
from its normal line of action, so.that it was 
compressed when the muscle contracted” (fig 
2G). This approach would allow a little more 
freedom in the placement of the assist.device 
relative to the muscle, at the cost of some 
resistive energy losses in, the coupling 
lines. ‘However, all existing biopolymers are 
permeable to some extent, so that in the present 
state of development it would not be possible to 


-avoid a progressive escape of fluid from the 


system. This problem has yet to be overcome. 
(c) An indirect approach (fig 2H), in which 
contraction of the muscle was ‘coupled to 


the generation of: electricity, has several 
advantages. It is the most flexible arrangement _ 


in terms of placement: for example, an intra- 


‘thoracic device might be powered by a muscle 


in the lower limb. There would be a broader 
choice of assist device, and: this could 
encompass electrically driven ‘devices that had 
not been designed ‘with skeletal muscle power 
specifically in mind: However, such an 
approach poses technological problems that 


await a reliable. solution, and these include. 


the problems of muscle attachment already 


. Mentioned. 


With an optimistic estimate of 50% efficiency 


. for the energy conversions .involved, the 


maximum pumping power available from 


‘human muscle working at 8 W/kg would be 


0-9. W, equivalent to 4 l/min for the mechanical 


and hydraulic approaches. -The electro-' 
mechanical approach involves two conversions, - 
-and the maximum -pumping power available 


would therefore be 0:45 W, equivalent to 
2 l/min. Thus partial assistance of resting heart 
function is bordering on feasibility with this 
technique, . but me reserve capacity would be 


~ limited. 
One of the attractions of ' this ai i 


approach is that it would capitalise on the 
results of an extensive .research effort over 
several years. For example, devices are already 
available in which.the flow has been well 
characterised and clinical experience has been 
accumulated. A major advantage of mechanical 


' devices is that they can provide cardiac assis- 


tance as soon as they have been connected to the 
patient’s circulation. Thus in the -immediate 
postoperative period it might be possible to 
energise the device from an external power 
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source, transferring to endogenous power from 


muscle after the conditioning process had been 
completed., 

A less obvious advantage of using skeletal 
muscle as the power source for another device 
is that it eliminates problems of synchrony with 
the cardiac cycle. We have already stated that 
during extreme conditioning the shortening 


. velocity for maximum power, V „p expressed in 


fibre lengths per second, declines to about 25% 
of control values. Apart from the associated 
power loss, which has already been referred to, 
the slowing of contraction and relaxation limits 
the amount of shortening that can take place 
within one or other phase of the cardiac cycle.” 
Even if the load were optimised to allow the 
muscle to shorten at V,,,, a shortening of 20% 
would take 400 ms at 0:5 fibre lengths/s. Such 
considerations become irrelevant if the muscle 
can be allowed to operate asynchronously. 

A major disadvantage of mechanical assist 


_ devices is their high cost. This would be 
increased still further in the case of a device 
. powered by skeletal muscle, which would also 
„require an implantable energy converter and a 
pacemaker-like neuromuscular stimulator. 
~The long-term success of mechanical circula- 


tory devices is still limited by the biomaterials 


` used in their construction. Materials in current 
_ use have a useful life of only about 18 months, 


but progress in this area has been rapid and this 


, figure could be expected to improve. Reference 


has already been made to the problems of 
anchoring the muscle to an artificial device, and 
the additional problems of leakage associated 
with a hydraulic system. It is not a trivial 
anatomical problem to accommodate a 
mechanical device in the chest when the 
patient’s own heart is still in situ. There is also 
the problem of finding room for the power 
converter, although this would be less serious 
in the case of the electrically driven assist. 
Finally, all.of the existing clinical experience 
with mechanical circulatory devices has been 


gained in bridge-to-transplant procedures, and 


it would be necessary to develop surgical 
techniques that were not likely to compromise 
the action of the patient’s own heart if such 
devices were to be used to provide a permanent 
assist. 


Conclusions 

When total heart replacement is called for anda 
transplant is unsuitable or unavailable the 
mechanical artificial heart is the only option. 
Mobility, without restraint or encumbrance, 
should be a major goal of cardiac rehabilitation, 
so it is appropriate to consider the prospects for 
implantable devices that are independent of 
exogenous power sources. We show here that 
there is little hope of obtaining the energy for 
such a device entirely from the patient’s own 
skeletal muscle: an electromechanical pump 


_ energised in this way would be limited to about 


2 l/min, with little in reserve. This is an 
unsatisfactory outcome for a procedure that is 
likely to be very expensive. The picture could 


- change if highly efficient energy converters 


could be harnessed to a much larger muscle 
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mass, but in the present state of development 
the outlook for this approach is not encourag- 
ing. Direct mechanical or hydraulic coupling is 
potentially more efficient, but requires the 
assist device to be placed fairly close to the 
energising muscle. Mechanical and electro- 
mechanical approaches pose problems of 
muscle attachment and the hydraulic approach 
poses problems of fluid leakage. s 

Much more power is available if the muscle 
tissue can be employed directly. With the 
muscle formed into a pumping chamber and 
‘loaded so as to operate around the peak of the 
power curve, there is sufficient power to 
produce an average flow as high as 8 l/min. 
Such an arrangement need not involve 
mechanical pumps or energy convertors and 
the hardware cost would therefore be limited to 
that of an implantable neuromuscular stimu- 
lator and, possibly, a valve. The considerable 
progress that has been made with this type of 
approach has been the subject of recent 
reviews.’ % Although such configurations could 
in theory replace the resting function of the left 
ventricle, a more practical objective would be a 
partial assist of 1-2 l/min, with the muscle 
working for much of the time below its max- 
imum capacity. Under these conditions, there 
would be a better prospect of preserving the 
contractile speed of the conditioned muscle, 
with corresponding benefits for the amplitude 
and duration of each assist cycle and a substan- 
tial improvement:in the reserve pumping 
capacity. This, then, is an avenue that could 
lead to major advances in the surgical treatment 
of chronic cardiac failure. 


We thank the British Heart Foundation and the Science and 
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Surgical cover for percutaneous transluminal 
_ coronary angioplasty 


The Council of the British Cardiovascular Intervention Society 


$ ator 


Surgical cover for coronary angioplasty. can be 


-an emotive subject. All who practise percu- 


` taneous ‘transluminal coronary angioplasty: or 
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provide emergency surgical cover are concer- 
ned that the procedure should be performed 
as ‘safely as possible. To this end many con; 
sider that it is essential to have surgical 
facilities at the same hospital—so-called on 
site’ surgery—so that if a vessel occludes dur- 
ing . percutaneous transluminal -coronary 
angioplasty, 


Some consider that there may ‘be insufficient 


_ time for a patient to travel from one hospital 
- to another in an ambulance to have emergency 


surgery. In 1990 Parker expressed the view 
that, “It is more appropriate for the cardiolo- 
gist to travel by car than for patients with 


. acuté myocardial ischaemia (who perhaps will 


require cardiopulmonary resuscitation) to 
travel by ambulance”. : 

The ` joint recommendations 
American College of Cardiology and the 


' American Heart. Association are that on ‘site 
` surgical’ cover is essential for ‘percutaneous 
' transluminal coronary angioplasty.” In France 


and Germany large numbers of percutaneous 


| trarisluminal coronary angioplasties are done 


without on site cover.’ This topic was initially 
brought to the 
Intervention Society to consider the safety 
and medico-legal status of centres in the 


a United Kingdom ‘performing percutaneous. : 
` transluminal coronary angioplasty without 
_ surgical cover on site. 


a 


"Need for emergency cardiac surgery for 


percutaneous transluminal coronary , 
angioplasty i 

With increased: experience . ‘and improved 
equipment the need for emergency surgery 


' has fallen considerably. In the United States 
the National Heart, Lung and Blood Institute , 


Registry recorded that the rate for emergency 
surgery during percutaneous coronary angio- 


++ -plasty fell from 5-8% between 1979 and 1981 
- to 34% in 1985.4 In the United Kingdom . 


Shiu et al reported an emergency surgery rate 


‘of 6-6% for cases between 1983 and 1985.° In 
-1989 from all United Kingdom centres the. 


British Cardiovascular Intervention Society 
recorded an emergency surgery rate of 2:1%.° 
From 63 American centres in 1990 the emer- 


“gency surgical rate was 1-6%.’ 


emergency coronary artery _ 
` bypass grafting can be promptly effected. - 


‘of’: the * 


British Cardiovascular ` 


ro) 


The transfer of a patient to a theatre while 
being given external cardiac massage is now 
rarely required. With current experience, 
techniques, and devices, it is usually possible 
at least partly to re-establish blood flow if a 
vessel does occlude. The vessel may already 
have a guide wire across the dissected region, 


_or it may be possible to re-cross the occlusion. 


A Stack or another perfusion balloon may 
restore flow. Stents are becoming more readily 
available as bail-out devices. The circulation 
can be supported by an intra-aortic balloon 
pump or by a cardiopulmonary support sys- 
tem. For high risk cases these support systems 
can be established before the start of coronary 
angioplasty. In at least half the cases in which 
the vessel becomes occluded it is possible to 
re-establish adequate flow with modern 
devices without the need for emergency 
coronary artery bypass surgery.®* If surgery is 
needed, it is usual for the patient to be 
haermodynamically stable and immediate or 
instant surgery is rarely needed. 


On site cardiac surgery 
Having surgical facilities on site may not 
necessarily guarantee immediate or even 


“prompt surgery. There may be no theatre - 


available nor a surgical team. Except for high 
risk cases many, if not most, centres in the 
United Kingdom performing percutaneous 
transluminal coronary angioplasty do so with- 
out a free theatre and a surgical team standing 
by, Because the risk of needing these facilities 
is approximately 2%, or less in some centres, 
it is uneconomic to have these facilities left 
idle. Many centres arrange percutaneous 
transluminal coronary angioplasty to coincide 
with the end of one surgical case and before 
the start of the next. This arrangement can fail 
if a complication develops in the late stages of 
the first surgical operation or if the patient 
having percutaneous transluminal coronary 
angioplasty develops late vessel occlusion after 


the start of the second surgical operation. 


Some centres with on site surgery do not have 
surgical facilities in the same building. Hence 
the availability of surgical cover provided by 
units with on site surgery may be quite vari- 
able. 

It is quite possible that a centre with off site 
surgical facilities but with a well thought out 
and effective plan for transferring a patient to 
an operating theatre in a surgical centre may 
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Percutaneous transluminal coronary angioplasty in the United Kingdom 1989 and 1990: comparison between centres 


with on site and off site surgical facilities 














On site Off site 

Data 1989 1990 1989 1990 
Centres 6 6 
Numbers 6146 7878 425 581 
Mortality 40 of 6146 (0 65%) 56 of 7259 (0 77%) 3 of 425 (0-:71%) 0 of 581 
Emergency coro! artery 

bypass ane S 130 of 6146 (2 1%) 161 of 7259 G 2%) 6 of 425 q 4%) 6 of 559 (1 0 
Myocardial mfarction 116 of 4861 (2 4%) 115 of 6139 (1-9%) 6 of 425 (1 4%) 13 of 559 (23% 


be able to match the time to:revascularisation 
that can be achieved with well organised on 
site surgery.” Reviewing the subject of sur- 
gical cover for the British Cardiovascular 
Intervention Society, a barrister wrote “‘It is 
recognised that the key to effective surgical 
cover, whether on site or off is the rapid 
transfer of the patient and the prompt 
availability of theatre and surgical staff ”. 


Results from the United Kingdom centres 
with off site surgery 

The British Cardiovascular Intervention 
Society in the 1989 and 1990 audits of interven- 
tional procedures in the United Kingdom 
assessed the results from the six centres perfor- 
ming coronary angioplasty without surgery on 
site. © The mortality for percutaneous trans- 
luminal coronary angioplasty from these cen- 
tres was not significantly different from that in 


_centres with surgery on site. The need for 


emergency coronary artery bypass surgery was 
less for centres with off site surgery and this was 
not at the expense of more myocardial infarc- 
tions (table), It is accepted that the cases from 
the two types of centre were not identical and 
that only a controlled trial could fully assess the 
results from the two types of centre. The 
important fact, however, is that with case 
selection, appropriate techniques, and trans- 
port arrangements there was not a significantly 
higher mortality or other complications with 
surgery off site. 


Case selection of patients having 
percutaneous transluminal coronary 
angioplasty with off site surgery 

Shaw in the United Kingdom! and Morice in 
France” showed that a wide range of cases can 
be dilated safely without on site surgery. While 
a high risk case can be identified it is more 
difficult to predict the haemodynamic con- 
sequence of vessel occlusion in a low risk case— 
for example, a:single vessel percutaneous 
transluminal coronary angioplasty in single 
vessel disease. Hence a low risk patient may 
need prompt surgery as much as one predicted 
to be of high risk. The operator should choose, 
in the light of his or her experience and 
available facilities, which cases should be 
attempted. 


Training for percutaneous transluminal 

coronary angioplasty 

If case selection does not need to be determined 
solely by the presence or absence of surgical 
facilities on site, nor should training for per- 
cutaneous transluminal coronary angioplasty 
be restricted to centres with on site surgical 
facilities. The number, variety and complexity 
of procedures are the relevant features for 
training. Training for percutaneous tran- 
sluminal coronary angioplasty at centres with 
on or off site surgical facilities is discussed in 
greater detail in the paper from the Council of 
the British Cardiovascular Intervention 
Society on Training for Percutaneous Trans- 
luminal Coronary Angioplasty.” 


On site cardiac surgery the strongly 
preferred option 

While percutaneous transluminal coronary 
angioplasty can be done safely with off site 
surgery, the need to transport a patient to 
another’ hospital complicates the procedure. 
This is why the British Cardiovascular 
Intervention Society considers that on site 
surgery is the strongly preferred option. 
For a new centre starting up percutaneous 
transluminal coronary angioplasty the British 
Cardiovascular Intervention Society recom- 
mends ‘that on site surgery is to be strongly 
preferred. The British Cardiovascular 
Intervention Society does, however, support 
those centres that perform percutaneous 
transluminal coronary angioplasty with sur- 
gery off site and considers that it is both safe and 
ethical, provided that reliable arrangements to 
allow prompt transfer to a theatre and surgeon 
are in place. These views are similar to those 
expressed in two recent reports which discus- 
sed surgical cover for angioplasty, namely the 
Report of a Working Party of the British 
Cardiac Society on Coronary Angioplasty in 
the United Kingdom’ and the Fourth Joint 
Report of the Provision of Services for the 
Diagnosis and Treatment of Heart Disease." 


Length of time to revascularisation 

.The sooner revascularisation can be performed 
after a vessel occlusion the better and the less 
ischaemic damage will result. However, to give 
an upper maximal time limit is not appropriate 
because this will depend on the haemodynamic 
state of the patient and will also vary with the 
time spent in the catheter room while attempts 
are made to re-open the artery. 


AS end 


Surgical cover for percutaneous transluminal coronary angioplasty 


Other safety factors relevant to 


. percutaneous transluminal coronary 


angioplasty 


`The availability of surgical cover for percutan- 


eous transluminal coronary angioplasty though 
an important safety factor is not the only one. 
‘The quality of the x ray equipment can greatly 
influence the assessment of the procedure and 


results of percutaneous transluminal coronary ` 


angioplasty. The experience of the operator 
and the whole catheter room team—that is, 


' nurse, physiological measurement technician, 


and radiographer—has an important influence 
on the safety of percutaneous transluminal 


coronary, angioplasty. 


Newer interventional procedures 


‘Surgical cover for percutaneous transluminal 


coronary angioplasty has mainly been con- 
sidered for dilatation procedures with a 
balloon. With balloon dilatation vessel perfora- 


tion is rare. With debulking procedures (such. 


as atherectomy, lasers, and drills) as well as the 
risk of vessel occlusion there is the additional 


risk of vessel pefforation and possible cardiac 


tamponade.'*" Some devices are relatively 
rigid and may require larger-than usual guide 
- catheters; these features lead to the risk -of 
vessel wall damage and occlusion at a site away 
from the target lesion. Many operators prac- 
tising debulking procedures are still on the 
learning curve of their experience with these 
relatively new devices. For these reasons par- 
ticular care over surgical cover should be taken 
for patients in whom debulking devices are to 
be used. 


Sans of the British 


‘ Cardiovascular Intervention Society on 
surgical cover for percutaneous 


transluminal coronary angioplasty 
The topic of surgical cover for percutaneous 


transluminal coronary. angioplasty has been. 


discussed by' the Council of ‘the~ British 
Cardiovascular Intervention Society and at the 
_ scientific meetings of the society. Opinions have 
‘been obtained from a barrister and from a 


. physician specialising in medico-legal subjects. 
-As a result of all these discussions the British 


Cardiovascular Intervention Society makes the 
following recommendations about surgical 
cover for percutaneous transluminal coronary 
angioplasty: 

1 ‘The aim of surgical cover for percutaneous 
‘transluminal coronary angioplasty.is to provide 
re-vascularisation after vessel occlusion and to 


‘ treat other complications such as vessel per- 
` foration. To enable emergency surgery to be 


performed as quickly as possible on site sur- 
gery is the strongly preferred option. 
2 It is recognised that percutaneous trans- 


luminal coronary angioplasty can be performed 


properly and safely without on site surgery 
with results that ‘are comparable to those for 
units that have surgical facilities on site. 


For units without surgery on site reliable 
arrangements to allow prompt transfer of the 
patient to a suitable operating theatre and 
surgeon are essential. Transfer should be in an 
ambulance with staff and equipment to allow for 
cardiac resuscitation and support. 

3 There should be a close and regular liaison 
between cardiologists and radiologists perfor- 
ming percutaneous transluminal coronary 
angioplasty and the cardiac surgeons to whom a 
patient may need to be transferred in an 
‘emergency. 

4 It is recognised that the key to effective 
surgical cover, whether on site or off, is the rapid 
transfer of the patient and the prompt 
availability of theatre and surgical staff. 

The British Cardiovascular Intervention 
Society considers that these recommendations 
may need modification in the light of further 
experience in the practice of percutaneous 
transluminal coronary angioplasty. 


' 1 Parker DJ Does angioplasty need on site surgical cover? A 
surgeon’s view. Br Heart J 1990,64 1-2 

2 A report of the American College of Cardiology/American 
Heart Association Task Force on assessment of diagnosnc 
and therapeutic cardiovascular procedures (sub commut- 
tee on percutaneous transluminal coronary angioplasty). 
J Am Coll Cardiol 19883;12.529--45. 

3 Coronary angioplasty in the United Kingdom. Report of a 

working party of the Brinsh Cardiac Society. Br Heart J 
1991;66.325-31 

4 Detre K, Holubkov PHR, Kelsey S, et al, Percutancous 
transluminal coronary angioplasty in 1985-1986 and 
1977-1981. The National Heart, Lung and Blood 
Institute Registry. N l F Med 1988;318 265-70 

5 Shiu MF, Silverton NP, ey D, Cumberland D. Acute 
coronary occlusion during percutaneous transhuminal 
coronary angioplasty. Br Heart J 1985,54 129-33 

6 Hubner PJB on of the Brush Cardiovascular 
Intervention Society, Cardiac interventional procedures 
m the United Kingdom durmg 1989 Br Heart J 1991, 
66 469-71. 

7 Noto TJ, Johnson LW, Krone R, et al Cardiac catheteriza- 
non 1990: A Report of the Registry of the Sora for 
Cardiac Angiography and Interventions (SCA & I). 

_ _ Cathet Cardiovasc Diagn 1991,24,75-83. 

8 Cripps TR, Morgan JM, AAEH 'AF Outcome of exten- 
sive coronary artery dissection during coronary angio- 
plasty. Br Heart J 1991;66 3-6, 

9 Landau C, Jacobs AK, Curner JW, et al. One year follow up 

g of PTCA induced dissections treated with a perfusion 
balloon catheter, Circulation 1991384 (suppl. IN):131 

10 Levy RD, Bennett DH, Brooks NH. Desirability of 
immediate surgical standby for coronary angioplasty. Br 
Heart J 1991,65:68-71 

11 Hubner PJB. Cardiac Interventional Procedures in the 
United Kingdom during 1990 A British Cardiovascular 
Intervention Society report. Br Heart J (an press) 

12 Shaw TRD. Does angioplasty need on site cover? A 
phystcian’s view Br Heart J 1990,64-3-4. 

13 Morice MC, Bourdin Ph, Glatt B, et al. 1005 coronary 
angioplasties without local surgical standby and patients’ 
management in failed procedure [abstract]. Bur Heart J 
1989,10 187, 

14 Gray HH, et al. Guidelines for ın percutancous 
transluminal coronary angioplasty CA). Document 
from the Council of the British Cardiovascular Interven- 
non Society. Br Heart J (In press). 

15 Provision of Services for the and treatment of heart 

í disease. Fourth Report of a Jomt Cardiology Commuttee 
of the Royal College of Physicians of London and the 
Royal College of Surgeons of England. Br Heart J 
1992,67:106~16. 

16 Vlietstra RE, Abbotsmith CW, Douglas JS, et al Complica- 
tions with directional coronary atherectomy Experience 
at eight centres [abstract] Crrculation 1989;80(supp! 


TD 582. 

17 Geschwind HJ, Zelmsky R, Dubow~Rande JI.. Pulsed mid- 
infrared coronary laser angioplasty: intial results 
[abstract]. Eur Heart J 1991;12:98. 

18 Hinohara T, Rowe MH, Robertson GC, Selmon MR, 
Braden L, "Leggett JH, Vetter JW, Simpson JB. Effect of 
Lesson Characteristics on Outcome of Directional Coro- 
nary Atherectomy. J Am Coll Carcdhol 1991,17 1112~20. 


we 





LETTERS TO 
THE EDITOR 





@ The British Heart Journal welcomes letters 
commenting on papers that ıt has published 
within the past six months 


© Alliletters must be typed with double spacing 
and signed by all authors. 


@ No letter should be more than 600 words 


@ In general, no letter should contam more 
than stx references (also typed with double 


spacing) 


Effect of early intravenous heparin on 
coronary patency infarct size, and 
bleeding complications after alteplase 
thrombolysis 


Sır; —In the interpretation of the results of a 
clinical trial where the null hypothesis has 
been rejected, it is important to discern 
whether any systematic biases, especially if 
unbalanced between treatment groups (con- 
founders), could (parnally) explain the 
results. The European Cooperative Study 
Group (British Heart Journal 1992;67:122- 
28) contended that early concomitant 
intravenous heparin therapy improves coron- 
ary patency at 48-120 hours in patients 
treated with alteplase.' The difference al- 
though small (83% heparin, 74% placebo) 
was deemed statistically significant. However, 
fewer patients in the heparin group (83%) 
showed enzymatic evidence of infarction than 
in the controls (95%). Indeed, although this 
difference is larger than that of the patency 
benefit, conventional statistical significance 
was apparently not achieved. Using the same 
staustical technique, I estimate that the 
relative risk of not sustaining an enzymatic 
infarction in the placebo group compared 
with the heparin group was 0 31 (95% CI 
0 18 to 0-52), clearly significant.’ 

Moreover, one might assume that coronary 
vessels in the non-infarction patients would 
be patent Ifincluded, they would tend to bias 
the results in favour of patency benefit with 
heparin. If you eliminate these patients from 
table 2 (55 heparin, 17 control) and assume 
that they also account for the 24 subjects 
where the infarct related vessel could not be 
identified (nine heparin, 15 control), the 
results are very different, less marked and may 
be due to the play of chance (for TIMI grade 
0 or 1 perfusion: heparin 20-1% v placebo 
25-5%; relative risk 0-79, 95% CI 0-56 to 
1-11). 

While analysis based on the intention-to- 
treat principle is regarded as the method most 
likely to minimise bias, including patents 
without the disease of interest seems inef- 
ficient and may limit the internal and external 
validity of the conclusions. This may be more 
of an issue in explanatory or “‘efficacy”’ trials, 
such as this one, than in pragmatic or ‘‘effec- 
tiveness” trials,’ 

I argue that when an adequate dose of 
aspirin 1s administered, intravenous heparin 
has little (if any) effect on coronary patency at 


48-120 hours in patients treated with alte- _ 


plase 


DAVID R MASSEL 
Cardiac Care Umt, 
Victoria Hospital, 

y, Ontario, 

Canada 
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Ths letter was shown to the authors who reply 
as follows. 


Sm,—Dr Massel takes us to task for not .- 


confining our comparison of alteplase heparin 
with alteplase plus placebo to patients with 
confirmed myocardial infarction. Clearly, it is 
impossible to be sure that the diagnosis of 
infarction will be confirmed at the time of trial 
entry. The difficulty of confining the analysis 
to patients with a retrospectively confirmed 
infarct is that it is well known and documen- 
ted that early effective thrombolytic therapy 
will prevent the development of Q waves and/ 
or a diagnostic increase in plasma’ enzyme 
concentration in a proportion of patients with 
genume thrombotic coronary occlusion. To 
confine analysis to those patients subsequen- 
tly shown to have infarction would be to 
introduce an entirely arbitary bias against 
whatever in fact was the most effective treat- 
ment. The conventional approach in trials of 
this nature 1s to enter the patrents on the basis 


of clintcal and electrocardiographic critena ` 


(and those we adopted were stringent com- 
pared with several other trials) and then to 
analyse on an intention-to-treat basis. 

It could be argued that the reduction in 
cases of confirmed infarction among the group 
receiving heparin was indeed a consequence 
of earlier and better sustained patency in the 
heparin treated group. However, since this 
was not one of the a priom end points we 
refrained from attaching weight to this in our 
discussion. 

DAVID DE BONO 


Department of Cardiology, 
Uniwersity of Leicester 


” Chmcal Saence Wing, 
Glenfield General Hospital, 
Leicester LEZ 9QP 


Incessant atrial tachycardia accelerated 
by pregnancy ý 


Sm,—Dr Doig and colleagues! described 
their experience with a patient in whom 
incessant atrial tachycardia developed during 
pregnancy (British Heart Journal 1992; 
67:266-8). We have recently seen a similar 
case and feel that certain observations may be 
pertinent. 

A 34 year old woman was admitted ar 38 
weeks’ gestation with palpitation. This had 
been present for five days and was noticeable 
only at rest. She was otherwise well and 


Br Heart J 1992368:342 


denied previous symptoms. She was in her _ 
fourth pregnancy; the third had required a 
caesarean section for placenta praevia. On 
admission her pulse rate was 200 per minute 
and her blood pressure was 90/70 mm Hg. 
The electrocardiogram showed a narrow 
QRS complex tachycardia with upright P 
waves in V1 and a frontal P wave axis of 
+10°. The PR interval was 160 ms and the 
RP interval was 200 ms. The electrocardio- 
gram was therefore consistent with atrial 
tachycardia and 1:1 ventmcular conduction 
Intravenous verapamil (10 mg) had no effect 
on the ventricular rate and two hours later she 
was given disopyramide (150mg). This 
caused her blood pressure to fall to 70/50 
mm Hg but did not improve the ventricular 
rate. She therefore underwent elective 
cardioversion, which also proved unsuccess- 
ful despite two shocks of 360 J delivered via 
standard paddie positions. Her atrial 
tachycardia showed considerable diurnal 
variation with pulse rates ranging from 135 
when asleep to 215 per minute when awake 
and being examined, The results of fetal heart 
monitoring remained normal throughout this 


-period and fetal movements were maintained. 


Iftravenous flecainide succeeded in slowing 
the atrial rate to 130 per minute and pre- 
cordial echocardiography showed a dilated 
left ventricle and impaired left ventricular 
function. In view of her advanced gestation 
she underwent elective cacsarean section and 
gave birth to a live female weighing 3180 g 
who had an Apgar score of 7 at one minute 
and 10 after five minutes. 

After delivery she remained in an atrial 
tachycardia but during the next week her 
pulse rate fell progressively and her blood 


~ pressure rose. At the time of discharge her 


pulse rate was 100 beats per minute at rest. At 
auscultation a murmur of mitral regurgitation 
and a loud third heart sound were heard. _ 
Between three and eight weeks after delivery 
she reverted to sinus rhythm and the P wave - 
configuration showed a promunent left atrial 
component. There was T wave inversion in 
all the precordial leads Two months after . 
delivery left ventricular function remained 
mildly impaired.. Although these changes 
may have been seconary to the dysrhythmia, 
their persistence suggests an underlying 
cardiomyopathy. 

Our own experience accords with that of 
Doig et al The considerable fluctuations in 
rate and resistance to both pharmacological 
and electrical cardioversion are in keeping 
with an automatic atrial tachycardia. In view 
of the catecholamine drive (as shown by these 
fluctuations) we considered f adrenocepter 
blockade, but her low blood pressure and 


“impaired left ventricular function precluded 


this treatment. Late in pregnancy standard 
paddle positions for cardioversion are difficult 
to obtain and antero-posterior positioning of 


` the paddles might have helped. Delivery of 


the baby was followed by progressive resolu- 

tion of the tachycardia and when the fetal 

lung is likely to be mature this is perhaps the 

best treatment for both mother and child- 

Finally, despite ıts fast rate, the arrhythmia 

was remarkably well tolerated whereas 

antiarrhythmic drug treatment caused a con- 
siderable fall in blood pressure. 

E JEREMY J MURPHY 

DAVID J R HUTCHON 

Department of Medicine, 

Memorial Hospital, 

Darlington, 

County Durham DL3 6HX 


1 Doig JC, McComb JM, Reid DS. Incessant 
atrial tachycardia accelerated by pregnancy. Br 
Heart J 1992,67 266-8. 
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‘We are near the completion. of the planned 


. [restructuring of the Society. In the .past two 
(years a system of committées was set up, a 

closer liaison was developed with the affiliated 
‚groups, a wider range of activities was adop- 
ited, and the new premises were purchased. 
‘We have now made an important new ap- 
pointment. Patrick Fagan, CB, MBE will take 
up duties as executive officer of the Society 
from 1 September. Until recently, , Patrick 
Fagan was Director General of. Military 
Survey (as a Major General) with responsi- 
biliues to the Chiefs of the three armed 
services in relation to all forms of geo- 
graphical information needed for. maps, 
charts, and intelligence world wide. He direc- 
ted a staff of 1500, of which 1000 were 
civilian. He is a London graduate (MSc) with 
diplomas in civil engineering, surveying, and 
photogrammetry. Patrick Fagan is a Fellow of 
the Royal Institution of Chartered Surveyors 
and a Fellow of the British, Institute of 
Management. His wide interests are reflected 


in other activities. He 1g Vice President of the ` 


Royal Geographical Society, Chairman of the 
Mount Everest Foundation, and holds ap- 
pointments relating to mountain sports and 
rugby. He has extensive international ex- 
perience, and may be familiar to members 
because of frequent television ‘appearances 
during the Gulf War. We welcome him to the 
Society and we are delighted: with the new 
strengths that he will bring. ` 

While we welcome one new colleague we 
are saddened to-lose another. Elaine Brown, 
who has been our Administrator for five 
years, has decided to take the opportunity 
presented by the restructuring to seek new 
challenges. Blaine has’ contributed a great 
deal: her concerns for the Society and her 
loyalty to ıt have been a source of strength to 
us, With Jenny Lodge she has borne the heat 
of the day during the demanding organisa- 
tional evolution and the physical moves of the 
Society. Her’ decision has therefore been a 
disappointment. We wish her well. We know 
that her interests in the well-being of the 
Society continue, and we hope that links will 
remain after she leaves at the end of July— 
several weeks before this newsletter appears. 


Bjérk-Shiley valves i 

We menuoned the problem of strut fractures 
in some types of Bjork-Shiley valves in our 
newsletters of March 1991 and February 
1992. We regretted the anxiety for patients 
with valve replacements caused by the con- 
tinuing publicity—though we accepted it was 
inevitable—and we discussed the MedicAlert 
proposals. Few then considered that elective 
replacement would be warranted. But the 
situation has continued to evolve as more 
information becomes available. The recent 
Dutch follow up study of 2303 patients 
published in February (Lancet 19923;332:257- 
61) raised the level of concern particularly for 


x 


- the 70°CC mitral valves that had a cumulative 


risk of outlet strut fracture of 17:4% over 
eight years. Younger patients were also at 
greater nek. Elective replacement was recom- 
mended by the authors for'selectéd groups of 
patients with both 60° and’70° valves, but— 
mindful of the operative mortality—few units 
in the United Kingdom, have adopted ‘this 
policy so far. Confirmation (or otherwise) of 
the Dutch’ data became an urgent priority 

Shiley have now released information that has 
been sent to all doctors in the United King- 
dom based on re-analysis of their database 
with new definitions of risk groups par- 
ticularly focusing on weld dates’ Thg groups 
at highest risk (60°CC) ‘show estimated 
annual fracture rates for size 33 mitral valves 
as follows: 252% for welds 1 July 1981 to 30 
June 1982, 1-46% for welds'l January to 30 
June 1981, 1-08% for welds before 1 January 


_ 1980, and 1:08% for welds from 1 July 1982 


to 31 March 1984. In addition, the size 31 
mitral valves have an estimated fracture rate 
of 1-24% for welds from 1 July 1981 to 30 
June 1982. The information, perhaps with 
slight update modifications, should be known 
to all cardiac surgeons and cardiologists well 
before this newsletter appears, and may also 
by then have been -supplemented by data 
specific to the United Kingdom. Difficult 


_-decisions will have to be made. Two factors, 


however, should be borne in mind. First, the 
data are almost certainly an underestimate, 
since many patients with prosthetic valves die 
without recent expert revi¢w and without 
necropsy. Secondly, the often quoted average 
operative mortality figure for “re-do” mitral 
replacement of 10% is based upon series with 
severe complications such as -endocarditis, 
valve dehiscence, and valve clot with com- 
plicating heart failure. We have no good data 
as-yet for elective re-operation but mortality 
will be appreciably lower. We are aware from 
discussions with colleagues that many cardiac 
surgeons now accept the need for interven- 
tion in some patients. For those with the most 
‘vulnerable valves the risk of re-operation may 
‘be little of no greater than the rsk of a fatal 
fracture within only two years. Cardiologists 
and ‘surgeons will be keeping the matter 
under the closest review as more data, and 
more specific United Kingdom data, become 
available. (Early information suggests the 


‘failure rate in the United Kingdom may be 


lower than the overall figures, but the pos- 
sibility of under-reporting is a concern.) 

We have no available evidence that non- 
invasive tests can detect an early risk of valve 
failure, though there would be a great advan- 
‘tage to both patients and their professional 


' advisers if one could be developed. Shiley has 


an active research programme in animals— 
and we know that progress is being made— 
based on sophisticated signal processing of 
relatively simple acoustic measurements and 
sophisticated radiographic techniques. Even 
if teats can be devised that have (alone or in 
combination) acceptable sensitivity and 
specificity we still face one major problem. 


` Only one third of the CC valves inserted in 


the United Kingdom have been traced so far. 
Thus many patients may be unaware that 
they face potential risk. This problem is also 
being addressed vigorously through several 
different avenues of enquiry and me situation 
will doubtless improve. 


Fenfluramine and primary pulmonary 
hypertension 

Celia Oakley has written for the newsletter a 
follow up on this topic. “Events have moved 
on since the announcement at Harrogate of a 


ae eel 


survey of the possible association between 
fenfluramine and the development of primary 
pulmonary hypertension. I asked for retro- 
spective information (rather like yellow card 
reporting) in order to get some idea of the 
likely numbers and would still like to have 
this information from colleagues. I am 
pleased to announce the establishment of an 
international prospective case control study 
on this matter. Cardiologists will be asked 
only to let me know by telephone of all newly 
diagnosed cases of primary pulmonary hyper- 
tension, whether or not there was any associa- 
non with fenfluramine They will then be 
asked to allow a visiting research registrar to 
examine the data, and to permit a trained 
interviewer to talk to the patient as well as to 
four control patients drawn from the patient’s 
general practice. Permission will of course be 
sought from the general practitioner. This is 
an advance notice. Letters with further 
details will be sent to all members of the 
Society. The study has the blessing of the 
Committee on Safety of Medicines. The 
coordinating centre 1s at McGull University in 
Canada. In summary, all that is required of 
cardiologists is one telephone call to Celia 
Oakley on 081 740 3141.” 


Training programme 

Arrangements for the new three-plus-three 
specialty trained programmes are progress- 
ing, and have started or been planned in detail 
in several Regions. We hope soon to report 
the results of discussions on the general 
medical component of the specialist program- 
mes, but Brian Pentecost-—as Medical Coor- 
dinmator—has said that the Joint Committee 
on Higher Medical Training (]CHMT) 1s 
now prepared to look at all submutted training 
programmes in cardiovascular medicine for 
the first three year penod. The individual 
limbs of a three year rotational programme 
cannot be viewed independently, but the 
JCHMT will make judgements on the com- 
plete three year programme, These will even- 
tually be inspected together with the second 
(senior registrar) post within the same Region 
or cardiac centre. In the meantime, cardiolog- 
ists who are planning for the new structure of 
training should submit details of agreed rota- 
tions to the JCHMT office. Many will have 
already done this when the new plans were 
first discussed, but no action will be taken by 
JCHMT unless up to date submissions are 
made. 


Training log books 

Members of the Society will have received in 
the last mailshot an application form for the 
Briush Cardiac Sociery Log Book for invasive 
and interventional procedures These have 
been produced by the British Cardiovascular 
Intervention Society in association with the 
Briush Paediatric Cardiology Association 
and the Britsh Pacing and Electrophysiology 
Group. Huon Gray has written for the news- 
letter: “Ir is directed mainly to those in 
training. The book allows brief details to be 
entered on all cases undergoing diagnostic 
cardiac catheterisation, interventional 
procedures, pacing, and electrophysiology. 
This should provide an excellent personal 
record for those training ın the cardiac cath- 
eter laboratory, and trainees are encouraged 
to apply for their own copy. As many, if not 
the majority, of trainees who will require the 
log book will not yet be members of the 
Society, it would be helpful if the applicanon 
forms were circulated within cardiac depart- 
ments to all registrars who might be interes- 
ted in obtaining one. The application forms 
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are also available from the British Cardiac 
Society, which has funded the project,” 


Royal Medical Benevolent Fund 
Members who attended the Harrogate meet- 
ing will have seen the display stand for the 
Royal Medical Benevolent Fund (24 King’s 
Road, Wimbledon, London SW19 8QN. Tel: 
081 540 9194). Perhaps few-~other than 
senior members from St George’s—will have 
recognised Mrs Judith Leatham who 1s a 
devoted member of the fund and who was on 
the stand for much of the time. There was also 
enthusiastic participanon by the local guild 
of the Royal Medical Benevolent Fund. We 
have had a letter of thanks from the chairman, 
Dr JW Brooke Barnett. He wrote “Many 
doctors are unaware of the existence of the 
professions’s leading charity which helps 
nearly 700 doctors and their dependants each 
year, It was, therefore, very fortunate that for 
the first time the Briush Cardiac Society at its 
annual meeting in Harrogate this year all- 
owed the Royal Medical Benevolent Fund to 
be represented. The distribution of grants to 
doctors and their families in distress exceeds 
the income from the traditional means of 
collecting money for charities by covenants, 
subscriptions, and fund raising activities.” A 
large number of members and guests reques- 
ted information, and we hope they will con- 
tinue to support a charity that 1s very much 
our own. 


News from Europe 

Philip Poole-Wilson is writing a series of 
short articles:to increase our familiarity with 
the European Society of Cardiology. “To 
some members of the British Cardiac Society, 
the European Society of Cardiology may 
appear as a large, distant, and amorphous 
body. That image partly arises because of the 
size of the Annual Congress which is the 
major annual event organised by the Society, 
and partly because its activities may not be 
well known. A newsletter is being sent to all 
members of the European Society of Cardi- 
ology in an endeavour to improve commun- 
ications and make members aware of develop- 
ments ın European cardiology. We hope thar 
it will be sent twice each year. By now the first 
one has probably arrived. 

The 1991 Congress in Amsterdam attrac- 
ted 13 15] registered persons of whom 9308 
were active participants from 76 countries. 
The numbers have increased steadily over the 
last few years. The size presents enormous 
difficulties to the organisers. Only a few 
places in Europe can provide sufficient lec- 
ture theatres, exhibition space, and hotels 
The am is to have the congress ın the last two 





weeks of September. That has proved 
difficult, but the board 1s aware of problems 
with holidays and schooling. In 1996, the 
annual Congress will take place in Birming-~ 
ham (August 25 to 29). If that ıs a success 
Birmingham may become a regular site for 
future meetings into the next century. 

The European Society of Cardiology is 
made up of 32 national societies and 24 
working groups. Anyone who is a member of 
the national societies 18 also a member of the 
European Society of Cardiology. A few ad- 
diuonal persons are members of the 
European Society of Cardiology through the 
working groups. That arrangement par- 
ticularly applies to non-medically qualified 
persons and scientists. The total membership 
18 now more than 16 000. The population 
covered by the cardiologists who are mem- 
bers is in excess of half a billion. Although 
there is complete intermingling of functions 
amongst cardiologists, in broad terms the 
national societies represent the profession 
and the working groups represent cardiolog- 
ists and scientists with an mterest in a par- 
ticular facet of cardiology. The working 
groups are: exercise physiology, epidemi- 
ology, pathophysiology, valvular heart dis- 
ease, drug therapy, computers ın cardiology, 
myocardial function, peripheral circulation, 
nuclear cardiology, anatomy-and pathology, 
microcirculauon, thrombosis, echocardio- 
graphy, rehabilitanon, arrhythmias, hyper- 
tension, cardiac pacing, myocardial and 
pericardial disease, coronary circulation, 
grown-up congenital heart disease, electro- 
physiology, atherosclerosis, pulmonary cir- 
culation, and cardiovascular nursing. 

If you wish to become a member of these 
working groups (and you are encouraged to 
do so) please write to the appropriate chair- 
man. The names and addresses can be found 
in the pink pages at the back of the Eurepean 
Heart Journal.” More from Europe next 
month . 


News of colleagues 

Appointments recently (subject to the usual 
ratification) have included Thomas Marwick 
as senior lecturer and honorary consultant at 
St Mary’s Hospital Medical School and John 
Morgan as consultant cardiologist at South- 
ampton General Hospital. For the single 
quarter from January to March 1992 a total of 
nine appointments were made in cardiology 
in England and Wales—more than in any 
other medical specialty. 1992 was expected to 
be a bleak year for new consultant appoint- 
ments, because only two retirements were 
planned. We hope that new posts will con- 
tinue to bė created, but there seems little 
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prospect of avoiding a dearth of fully trained 
senior registrars over the next few years. 


News of meetings 

Steven Walton, chairman of the Bntsh 
Nuclear Cardiology Group, has asked us to 
give notice of a one day symposium on “The 
Assessment of Myocardial Viability that will 
be held on 18 September 1992 at St Thomas’ 
Hospital, The programmed sections and 
speakers are as follows’ biochemistry (Dr P 
Garlick, UMDS: electrocardiography (David 
Mulcahy, Royal Brompton); rest-stress echo- 
cardiography (John Chambers, UMDS); 
nuclear medicine (Professor J McKillop, 
Glasgow); MRI/CT (Dr D Pennell, Royal 
Brompton), and PET Scanning (Professor J 
Melin, Louvain). Further details may be 
obtained from Dr T Nunn, Department of 
Nuclear Medicine, St Thomas’ Hospital, 
London SEI 7EH (tel: 071 928 9292, ext 
2163).” : 

Huon Gray writes “The winter meeting of 
the British Cardiovascular Intervention 
Society (BCIS) will be held in Southampton 
on Thursday afternoon 24 September and all 
day Friday 25 September 1992. Further 
details regarding the meeting have been dis~ 
tributed to members of BCIS.” 

Members have first priority for the limited 
places at our teach-ins, but applications are 
open to non-members from two months 
before the event. Those members wishing to 
ensure reservations for ‘‘Emerging Concepts 
in Atherogenesis” arranged by Michael 
Davies for 10 November should telephone 
the office by the middle of September The 
Workshop on Preventive Cardiology organ- 
ised by David Wood is booked for 14 
October 


DOUGLAS CHAMBERLAIN 
President, British Cardiac Society, 
DUNCAN DYMOND 
Secretary, British Cardiac Society, 
9 Fitsroy Square, 





NOTICE 





The 1993 Annual Meeting of the British 
Cardiac Society will take place at the 
Wembley Conference Centre from 18 to 21 
May. 
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TOBACCO CONTROL is a new quarterly scientific 
journal launched in March 1992 by the BMJ 
Publishing Group to consider all aspects of 
tobacco prevention and control. 


The Journal aims to study: 


e The nature and extent of tobacco use 
worldwide 


e The effect of tobacco use on health, the 
economy, the environment and society. 


© The efforts of the health community and 
health advocates to prevent and control 
tobacco use 





e The activities of the tobacco industry and 
its allies to promote tobacco use 


Papers from Volume One: 
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e Trends in physicians' giving advice to stop smoking, United States, 1974-874 Pa “ees “i; 
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e Targeting of cigarette advertising in US magazines, ae a n Z 
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e Recent developments in tobacco litigation, 1991 
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© Support for restricting smoking at workplaces in develo icon haloes 
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Papers for submission should be sent to. 


Ronald M Davis, MD 











Editor: Tobacco Control Seer 3] erg on n T 
Michigan Department of Public Health (USA’ ‘only $440, ie onal” S 5 4 N Ta 
ee pen oHe “Personal rates arčoply ava sable *onsordets eei: s BN a A . 
eee Michigan 48909 with the Publisher and paid Rr où personal. funds, A Rod, ea 
sci een we! N CZ tee et a 





Order.Form $- 





























TOBACCO CONTROL Card Number 
ISSN 0964 4563 | | i 
PUBLICATION: QUARTERLY Rice a a ac a ek nana i 
Workiwite £80, t Personal £50 
orldwide , “Persona Dat ae 
(USA only $140, *Personal $87) Epey ae 
*Personal lable on orders placed durectly i 
wants odes eo eats Ga peeve ance seria EE ALT ee ET oa 
Please nck 
[C] Please send my subscription, start date Name (Capita) 
[C] Please send me a sample copy 
[C] Please send me Instructions to Authors Address 
[C] I enclose a cheque for a 
(Payable to the Brith Medical Journal) = 
C] I wish to pay by credit card. 
American Express/Visa( Barclaycard )/Mastercard Date 
(Delete as appropriate) 
Send orders to. Journals Marketing Dept., BMJ Publishing Group, BMA House, Tavistock Square, London WC1H 9JR SJ 


or BM] Publishing Group, Box No 560B, Kennebunkport, Maine 04046 (Direct Orders Only) 


The length of time a patient's BP is ‘in the red’ (>140/90 awake, 


120/80 asleep) is known as 'BP load'!. It is linked to the preva alence 
of left ventricular hypertrophy —a strong predictor of chrdievassulse 


morbidity and mortality?. 
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